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Abstract 
 
The principal striped bass, Morone saxatilis population in North Carolina, the 
Albemarle/Roanoke (A/R) stock has grown tremendously in size and age structure over the last 
twenty years necessitating an up-to-date maturity and fecundity schedule.   The last study was 
conducted for the Albemarle Striped Bass Management Board in 1989-1990 by Olsen and 
Rulifson (1992) after the stock had crashed, and just before stock rebuilding took place.  There 
have been many advances in the understanding of teleost reproduction since their study and in 
recent years, otolith microchemistry with concentrations of elements such as strontium (
88
Sr) has 
been used to determine movement and migration of different species to delineate movement 
from freshwater to more saline environments.  The objectives of this study were to complete a 
maturation and fecundity schedule, compare results to Olsen and Rulifson (1992), and test the 
use of 
88
Sr to elucidate migration patterns.  Samples were collected (n=453) in 2009 and 2010 on 
the Roanoke River near the spawning grounds and in Albemarle Sound during the pre-spawn, 
spawning, and post-spawn periods (March through May) with total lengths (TL) ranging from 
300 to 1,080 mm corresponding to age-3 to age-16.  Striped bass are total spawners with 
determinate fecundity maturing one clutch or group of oocytes each year and having primary 
growth oocytes (PG) at each stage of development.  Female striped bass were 96.8% mature by 
age-4 with fecundity ranging from 176,873 eggs (age-3) to 3,163,130 eggs (age-16).  These 
findings are different from Olsen and Rulifson (1992) who reported 92.9% mature by age-4 with 
43.8% overall greater fecundity estimates attributed to the sample size and methodologies.  
Otoliths were examined using Laser Ablation Inductively Coupled Plasma Mass Spectrometry 
  
(LA-ICP-MS) to determine changes in concentrations of the element 
88
Sr over the life of the fish 
that reflect high salinity or freshwater environments and fish were assigned residency (77.4%) or 
anadromy (22.6%).  It is recommended that management agencies continue to consider age-4 
female striped bass the first year class to contribute to the spawning population in the A/R stock 
and to keep the minimum size limit of 18 in in place; however, adjusting the slot limit of 22-27 
in would be beneficial to fishermen without decreasing the spawning stock.  It is recommended 
to continually monitor the reproductive rates of the population to ensure the health of the stock. 
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INTRODUCTION 
 
 
Life History 
Striped bass, Morone saxatilis, is primarily an anadromous fish species that spends much 
of the time in ocean waters while returning to freshwater to spawn.  Striped bass is a moderately 
long-lived species and can attain relatively large sizes.  The Albemarle/Roanoke (A/R) stock 
returns to the Roanoke River every spring to spawn; the spawning season typically runs from 
March through early June depending on water temperatures (Hill et al. 1989).  The Roanoke 
River is a freshwater system that empties into the Western Albemarle Sound near Westover, 
North Carolina (Figure 1).  It is a long winding river that flows through the towns of Plymouth, 
Williamston, and Weldon, North Carolina.  The A/R striped bass stock travel’s up to 209 km 
from the mouth of the river in the Albemarle Sound to the major spawning area in Weldon, 
North Carolina (Figure 1).  Striped bass are known to migrate as far north to Nova Scotia during 
the summer months, migrating south to the North Carolina and Virginia region to overwinter and 
spawn in the spring (Greene et al. 2009).  In the Chesapeake Bay, the movement of striped bass 
depends on both age and gender and is consequently related to the level of maturity (Kohlenstein 
1981).  The Hudson River striped bass stock is similar to the Chesapeake Bay and North 
Carolina stocks with males and females remaining resident year round and a portion migrating to 
the ocean (McLaren et al. 1981).  The Bay of Fundy striped bass populations show similar 
migratory behaviors with adults migrating downstream in the spring after spawning to enter 
ocean waters and juveniles remaining in the river system or travel along the coast (Rulifson and 
Dadswell 1995).  South of Cape Hatteras, striped bass populations are endemic riverine and do 
not enter the ocean after spawning (Setzler et al. 1980).
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 North Carolina’s estuarine waters are very diverse with salinities ranging from 0-7 ppt in 
the Albemarle Sound to 30-37 ppt at Oregon Inlet.  The Albemarle Sound is a freshwater system 
with mainly a wind driven tide that has no direct inlet to the ocean; however, it is connected to 
the Roanoke, Croatan, and Pamlico sounds, which receive ocean water via Oregon Inlet.  
Salinities vary depending on the wind and are generally higher in the winter months due to 
decreased freshwater inflow and lower in the spring due to freshwater outflow with little 
stratification (Giese et al. 1979; Copeland et al. 1983).  Water temperatures vary from 3-4
o 
C 
January to 28
o 
C in July (Giese et al. 1979).   
 
History of the Fishery 
North Carolina has one of the largest estuarine systems in the United States, second to the 
Chesapeake Bay.  Striped bass is one of the most important sport fish and commercial species on 
the US East Coast (Rulifson and Dadswell 1995).  During the 1970s and 1980s, there were 
dramatic declines in striped bass populations along the US East Coast.  Because of this, the 
Atlantic States Marine Fisheries Commission (ASMFC 2009) enacted stringent rules and 
regulations to protect the striped bass stocks, which were declared depleted in the 1980s 
(NCDENR 2004).  Owing to the importance and size of the A/R striped bass stock, in 1988 the 
US Congress enacted a study to be administered by a North Carolina Striped Bass Management 
Board (Olsen and Rulifson 1992).  As part of this study, Olsen and Rulifson (1992) developed a 
maturation and fecundity schedule to assess the status of the stock and develop a strategy for 
restoration.  As a result of decisive action by the management agencies and Congress, the A/R 
striped bass stock was declared recovered in 1997 (NCDENR 2004).   
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Due to successful recovery, the A/R striped bass stock is now at higher biomass with 
larger, more fecund females and increased age composition; however, the three fishery 
management agencies – North Carolina Division of Marine Fisheries (NCDMF), North Carolina 
Wildlife Resources Commission (NCWRC), and the US Fish and Wildlife Service (USFW) – 
must rely on the fecundity and maturation schedule conducted just after the population crash of 
the 1980s (Olsen and Rulifson 1992).  As the population size grows in number, as well as 
biomass, space for the stock within the finite carrying capacity of the Albemarle Sound system 
may become limiting.   Juvenile production and age structure have increased since the 1990s 
resulting in an expansion in the range of the A/R striped bass stock seeking secondary habitats 
including adjacent watersheds such as the Pamlico Sound, Pamlico River, Neuse River, and 
nearshore ocean (NCDENR 2011).  At present time, the NCDMF estimates that only 2.5% of the 
A/R stock is migratory outside the Albemarle Sound Management Area (ASMA); however, an 
increasing number of distant tag returns indicate that larger A/R striped bass are migrating to the 
Atlantic Ocean and to northern coastal waters, which likely reflects an increase in the survival of 
larger individuals (Takade-Heumacher 2010).  
Size- and age-at-maturity estimates are critical when developing harvest and size 
regulations for a species.  Minimum size harvest parameters are set according to when 
individuals enter the spawning stock for the first time adding to the spawning stock biomass 
(SSB).  Regulations are put in place to allow all fish to enter the spawning population at least 
once before being harvested.  Younger, first time spawners produce fewer viable eggs than older 
fish (Berlinsky et al. 1995).  Slot limits are a harvest regulation that protects the larger, non-
virgin spawners that have higher fecundity and produce more viable eggs.  All of these harvest 
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parameters are put in place according to a maturation and fecundity schedule for the species, are 
stock specific, and are used as guidelines for management.   
Olsen and Rulifson (1992) collected samples on the Roanoke River and from commercial 
fish houses (n=267) during the spawning season.  Using previous maturity methodologies 
developed by Merriman (1941), Lewis (1962), Specker et al. (1987) for striped bass, Olsen and 
Rulifson (1992) found that at age-4, 92.9% of female striped were mature with a mean fecundity 
of 413,440 eggs.  At age-5, 100% were found to be mature with a mean fecundity of 509,817 
eggs.  Developing females may be considered sexually mature, but may not spawn until the 
following year (Brown-Peterson et al. 2011).  Olsen and Rulifson (1992) determined striped bass 
to be sexually mature by age-4 and assumed that all sexually mature fish would spawn in the 
imminent season. 
 
Reproduction 
Spawning typically occurs when striped bass encounter approximately 18
o 
C water 
temperatures during spawning migration (Rulifson and Manooch 1993).  Striped bass become 
sensitive to water temperature late in their reproductive cycle and prolonged exposure of females 
to water temperatures greater than 18
o 
C typically triggers atresia, the breakdown of ovarian 
follicles, thus ending reproduction (Sullivan et al. 1997).  Striped bass broadcast-spawn semi-
buoyant eggs into the swift waters of the Roanoke River main stem.  Large females are typically 
surrounded by many smaller males that release sperm into the water as the females release eggs 
(Setzler et al. 1980).  Currents and river flows direct the developing eggs downriver.  For 
successful spawning, striped bass require waters with suitable flows, temperatures, salinities, and 
other facets of habitat quality, which make the species vulnerable to river flow alterations 
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(Rulifson et al. 1982).  Striped bass spend the first two years of life foraging and growing in 
nursery areas and are typically found in schools on clean sandy bottoms containing submerged 
aquatic vegetation (SAV) (Hassler et al. 1981; Hill et al. 1989).  Juveniles feed primarily on 
zooplankton during the early life stages (Cooper et al. 1998).  Herring and menhaden are the 
primary food source for adult striped bass (Trent and Hassler 1966).  When mature, a small 
percentage of the fish travel beyond the Albemarle Sound into the Atlantic Ocean where they 
will join the Atlantic migratory stock, while most will remain resident fish living in freshwater 
(NCDENR 2004).   
Striped bass have the potential to spawn multiple times over several years making them 
an iteroparous species constantly maintaining a reserve of primary growth (PG) oocytes (Murua 
and Saborido-Rey 2003; Lowerre-Babrieri et al. 2011a, 2011b).  Lowerre-Babrieri et al. (2011a, 
2011b) describe iteroparous species as either total spawners or batch spawners.  Total spawners 
release all mature eggs over a short period or in a single event and have relatively synchronous 
secondary growth oocyte development; an out-group comparison is the Atlantic herring, Clupea 
harengus (Lowerre-Babrieri et al. 2011a, 2011b).  Total spawners have determinate fecundity 
with the potential annual fecundity becoming fixed before spawning.  Species with determinate 
fecundity are assumed to fix fecundity before the onset of the spawning season (Murua et al. 
2003).   
Striped bass have an annual reproductive cycle with group synchronous ovarian 
development (Specker et al. 1987; Wallace and Selman 1981).  One clutch of oocytes is recruited 
through development, maturation, and ovulation in a single annual spawning event (Wallace and 
Selman 1981).  Throughout the entire season, all striped bass ovaries contain PG oocytes 
(Berlinsky and Specker 1991), while mature, adult ovaries contain predominately early 
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secondary growth, vitellogenic, final maturation, or atretic oocytes (Sullivan et al. 1997).  Oocyte 
maturation, ovulation, and spawning occur in rapid succession in naturally maturing striped bass 
(Wallace and Selman 1981).  Hocutt et al. (1990) found that males spend as much as 30 d on the 
spawning grounds, while females remain for approximately 7-10 d.  According to Sullivan et al. 
(1997), striped bass spawning typically involves many males and one large female in courtship 
for as long as 15 h.  Spawning begins with the female in the center of a group of males guiding 
her to the surface.  The female releases one long continuous stream of eggs for up to 10 s with 
many males contributing multiple releases of milt (Sullivan et al. 1997). 
Striped bass are highly fecund with the potential to release millions of eggs (Rago and 
Goodyear 1987).  Females have the ability to produce 100,000 eggs per pound with a fertility 
rate of 35% (J. Evans, NCWRC Watha Hatchery, Personal Communication).  Olsen and Rulifson 
(1992) reported the relationship between fish age and the number of eggs produced was linear 
and that the fecundity of female A/R striped bass increased approximately 100,000-200,000 eggs 
per year of growth.  Age-3 females produced approximately 200,000 eggs, whereas one age-16 
fish produced 5,000,000 eggs (Olsen and Rulifson 1992).  Gonadal growth can be tracked easily 
using a gonadosomatic index (GSI), which compares gonad weight to total fish weight.  Fish 
entering the spawning season allocate energy and resources, including the protein vitellogenin, 
into gonadal development (Lund et al. 2000).  Tracking GSI values for a stock over months, 
seasons, and years, can determine peak spawning seasonality. 
Since the last maturation schedule completed by Olsen and Rulifson (1992) over 18 years 
ago, there have been many advances in the field of fish reproduction.  There also have been 
major advances in the technology used to analyze reproductive data.  Over the past 10 years, four 
international workshops entitled Fish Reproduction and Fisheries (FRESH) have occurred to 
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formulate standardized methodologies and terminology for fish reproduction (Brown-Peterson et 
al. 2011; Lowerre-Babrieri et al. 2011a, 2011b) completing thorough investigations into the 
different spawning characteristics and behaviors of multiple species and summarized the findings 
from the series of workshops.  A brief review of these new characteristics is described here. 
Terminology for describing reproductive development in fishes was standardized.  The 
standardized maturity staging scheme developed was used as a guideline for determining the 
maturity of striped bass in this study (Table 1).  The terminology used by Brown-Peterson et al. 
(2011) for oocyte stages follows that suggested by Lowerre-Babrieri et al. (2011a) and is based 
on compilations of terminologies by Wallace and Selman (1981), Hunter and Macewicz (1985a, 
1985b), Matsuyama et al. (1990), Jalabert (2005), Luckenbach et al. (2008), Lubzens et al. 
(2010), and Grier et al. (2009).  The oocyte stages summarized by Brown-Peterson et al. (2011) 
are briefly reviewed here.  Fish in the immature phase have only primary growth (PG) oocytes 
and do not enter the reproductive cycle until gonadal growth and gamete development induce 
gonadotropin (Figure 2).  Gonadotropin is a hormone produced by the pituitary gland that 
regulates growth and sexual maturity in fishes.  Ovaries can be distinguished histologically by 
the presence of PG oocytes, scarce connective tissue between the follicles, and a thin ovarian 
wall. Once the fish becomes sexually mature ovaries will not return to the immature phase.  The 
developing phase typically begins prior to the onset of the spawning season and is a period of 
gonadal growth and gamete development that is characterized by the appearance of cortical 
alveoli (CA) oocytes and later the appearance of vitellogenic (Vtg) oocytes (Figure 3).  There are 
three stages of vitellogenesis (Vtg1, Vtg2, Vtg3) with the major differences being the amount of 
lipid accumulation and the size of the oocyte.  Fish in the developing phase can have Vtg1 and/or 
Vtg2 and do not contain any post-ovulatory follicles (POFs), but may show signs of atresia or 
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cell breakdown.  The spawning capable phase is characterized as fish being able to spawn in the 
imminent spawning season due to advanced gamete development such as oocytes capable of 
receiving hormone signals and is defined by the appearance of Vtg3 oocytes (Figure 4).  An 
actively spawning sub-phase within the spawning capable phase is defined by the presence of 
germinal vesicle migration (GVM), germinal vesicle breakdown (GVBD), hydration, ovulation, 
or newly collapsed POFs (12 h<spawning<12 h) and can be determined histologically by the 
appearance of late GVM with coalescence, GVBD, or hydrated oocytes (Figure 5).  The 
regressing phase is defined as the end of the reproductive cycle, does not last long, and is 
distinguished by atresia, POFs, and few late vitellogenic oocyte; it is characterized by some 
atretic vitellogenic oocytes and many POFs in varying stages of degeneration (Figure 6).  In the 
regenerating phase, fish prepare for the next spawning season with PG oocyte growth and are 
sexually mature, but are reproductively inactive and are characterized histologically by ovaries 
containing only oogonia and PG oocytes similar to the immature phase, but with a thick ovarian 
wall (Figure 7).  The regenerating phase can also be distinguished from the immature phase by 
the presence of more empty space between oocytes, interstitial tissue, capillaries around PG 
oocytes, and muscle bundles (Brown-Peterson et al. 2011). 
 
Condition Indices 
In order to determine the overall health of the stock and the health of individual fish, 
condition indices are used.  These indices are tracked over time to determine monthly, seasonal, 
and annual trends.  Fish size and condition are key parameters to properly assess fecundity at the 
population level, and low condition can lead to skip spawning (Murua et al. 2003).  Condition 
indices used in this study include:  Fulton’s condition factor (K), relative weight (Wr), and 
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liversomatic index (LSI).  Fulton’s condition factor (K) is a relationship between length and 
weight and can show an estimated length-specific weight for individual fish.  While K is an 
overall indication of fish health, it does not take species specific growth into consideration.  
Relative weight (Wr) is a more precise method for determining fish condition because it uses 
length-specific standard weight (Ws) for comparison and is species specific (Gentry 2006).  
Liversomatic index (LSI) is a good indicator of nutrition because it measures energy storage.  
Fish store energy in the liver in the form of lipids and glycogen.  As the spawning season 
progresses and fish proceed through gonadal development, energy stored in the liver is 
transferred to the gonads.  During vitellogenesis, the protein vitellogen is produced in the liver, 
packaged with lipids and fats, and released in the bloodstream to be carried to the ovaries (Lund 
et al. 2000).  Therefore, a healthy fish in peak spawning would have high GSI values and low 
LSI values.  The LSI value can also indicate whether the fish is consuming sufficient food or if it 
is in poor condition owing to low food intake.  When considering condition factors, it is 
important to track them together in order to determine any correlations. 
 
Goal and Objectives 
The main objective of this study was to determine if the age-at-maturity for the A/R 
striped bass stock continued on the downward shift to age-3 that Olsen and Rulifson (1992) 
began to see.  With a larger sample size, the age-3 maturity percentage will be more clearly 
defined.  Another objective was to determine if large, female striped bass are skip spawning to 
increase survival due to stress from migration, reproduction, and resource availability.  The A/R 
striped bass stock is thought to be utilizing various habitats throughout North Carolina and is not 
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limited to the Albemarle Sound and its tributaries.  The last objective was to determine 
movement and migration using otolith microchemistry analysis. 
The enlarged population, combined with an increased size structure, necessitates a re-
examination of the A/R striped bass stock for age-at-maturity and fecundity estimates. These 
values are used by stock assessment modelers and managers to set harvest regulations, size 
limits, SSB thresholds, and F (fishing mortality) thresholds.  Information on fish condition and 
well-being is also needed to assist fishery managers in understanding what level of stock 
recovery can be sustained in this system.   
 
 
 
 
 
 
 
 
 
 
 
  
METHODS 
 
 
Data Collection 
Striped bass were sampled from the Albemarle Sound Management Area by the NCDMF 
Independent Gill Net Survey (IGNS) (Figure 8).  Fish were also sampled from the Roanoke 
River on the spawning grounds near Weldon, North Carolina by the NCDMF and NCWRC 
electroshocking survey (Figure 1).  All samples were collected from March through May 2009 
and 2010 during pre-spawning, spawning, and post-spawn periods.  The IGNS utilizes nets that 
are set throughout the Albemarle Sound seven days per week from March through May.  The gill 
nets consisted of 6.35 to 25.4 cm stretch mesh, monofilament webbing that stretch approximately 
914.4 m, in four sets, and are 2.74 m in depth.  Two sets consisted of small mesh (6.35-12.7 cm) 
sink and float nets sampling the bottom and top portions of the water column.  The other two sets 
were large mesh (13.97-25.4 cm) sink and float nets.  The sampling area was concentrated near 
the mouth of the Roanoke River during the spawning season in order to sample the fish 
migrating to and from the spawning grounds on the Roanoke River.  The IGNS utilizes stratified 
random sampling with the sampling area consisting of square mile grids (Figure 9).   
The electroshocking survey completed by NCDMF and NCWRC uses an electroshocking 
boat and samples each Monday (depending on weather conditions) from April through May.  
NCWRC and NCDMF personnel sampled striped bass at stations randomly selected within strata 
for a total of eight stations each sampling date with a boat mounted electrofishing unit (Smith-
Root 7.5 GPP; one netter and one boat operator) (Thomas et al. 2010; McCargo et al. 2011).  In 
2009, samples were collected (n=10) from the Rockfish Rodeo fishing tournament held in 
Weldon, North Carolina and were combined with the electroshocking survey because of their 
proximity to the sampling area and date used for the survey.   
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Using age-length keys developed by NCDMF, proportionate samples were collected over 
the age range according to size class (TL mm) and were distributed throughout the season by 
month and week to include the entire spawning season and to incorporate data from pre-
spawning and post-spawning fish.  The same number of samples was attempted for each year, 
but because of weather occurrences and other unpredictable events, collections were not obtained 
evenly from each month or week, but were overall very similar between years.  
Biological information and material were collected from each fish for laboratory 
examination.  Each fish was measured (FL and TL mm), weighed (0.1 kg), and sex determined.  
Ovaries and livers were removed and weighed (0.1 g).  Otoliths were removed for use as the 
primary structure used in determining age and for micro-chemical analysis.  Scales were 
removed from above the lateral line in the region of the body directly below the gap between the 
spinous and soft dorsal fins (Olsen and Rulifson 1992) and were compared to ages determined 
from otolith ages.   
 
Age and Growth 
Both otoliths and scales were used to age fish. Otoliths are assumed to be 100% accurate 
compared to scales, which tend to underestimate the true age for fish 10 yrs and older (Paramore 
and Rulifson 2001).  The left sagittal otolith was sectioned using a Hillquist high-speed saw with 
a diamond blade.  The core section of the otolith where the focus is located was sectioned by 
grinding from the posterior end along the anterior-posterior axis at a 90
o
 angle using a diamond 
grinding wheel.   Once the otolith was ground to the focus it was mounted flat side down using 
Loctite ultraviolet (UV) glue and placed under a UV light for 1 hour.  Once cured, the otoliths 
were cut using a diamond blade leaving a transverse section, ground again, and polished to 
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approximately 0.60 mm.  The sections were then read using a dissecting microscope and an 
image analysis system to count annual growth.  Scales were washed and pressed on acetate slides 
as per NCDMF protocol.  Using a microfiche reader, annual growth rings were counted for each 
fish.  Striped bass are considered to have a January 1
st
 birth date.  Two independent reads were 
completed for each sample and a third read was completed on samples where a disagreement 
between the first and second reads occurred.  If an agreement could not be made the sample was 
disregarded.  For scales, the ages assessed by NCDMF and NCWRC, which use the same 
protocols for ageing striped bass and follow those set by the Atlantic States Marine Fisheries 
Commission (ASMFC), were used to compare to otolith ages. 
In determining the growth of a stock, weight and length relationships can give insight on 
how the weight of a fish changes with length.  Using these data, several growth models can be 
used.  The allometric relationship between fish weight and length was estimated using a least 
squares logistic regression after both weight and length were transformed using the natural log.  
The following equation was then parameterized with regression coefficient estimates: 
W=aL
b
; 
where W is the total wet weight (g) and L is the total length (mm).  Theoretical length at age can 
be estimated by fitting observed data to a von Bertalanffy growth model, which shows how the 
length of a fish changes as the fish gets older.  The von Bertalanffy model is: 
Lt=L∞(1-e
-k(t-t0)
); 
where L∞ is the theoretical asymptotic total length (TL), k is the growth coefficient, and t0 is the 
hypothetical age at length zero.  The model parameters were estimated using nonlinear model in 
MS Excel. 
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Age-length keys were created to show the percentage of striped bass at age within 25 mm 
size classes.  Mean length- and weight-at-age were compiled by sample area per year.  Age 
composition was also calculated by sample area and year and compared to NCWRC and 
NCDMF data. 
 
Maturity and Fecundity 
Ovaries were fixed in cold 10% buffered formalin for 24-48 hrs, rinsed for 1 h in distilled 
water, and preserved in 70% ethyl alcohol for maturity and fecundity analysis.  Cold formalin 
was used to ensure proper fixation of tissue within the ovary, especially for larger fish.  Fixation 
can occur on the outside of the ovary quicker with warm formalin leaving the inside tissue to 
decompose.  The middle portion of one ovary from each fish was excised and placed in 70% 
ethyl alcohol and shipped to Dermprep Customized Histology Services in Tampa, FL for 
histological preparation.  The mid-section of the ovary was selected as the tissue for examination 
according to Merriman (1941), who found that in striped bass there was no significant difference 
between the anterior, middle, and posterior sections of the ovary.  The ovary used for histological 
examination was chosen at random.  A subsample of ovarian tissue was excised from the 
remaining ovary of each fish for fecundity analysis. 
 
Maturity 
Histological slides were prepared for maturity analysis by DermPrep Customized 
Histological Services in Tampa, FL.  Automated tissue processors dehydrated the samples with 
alcohols, cleared the specimens with xylene, and infiltrated the specimen with low melting point 
paraffin.  Water must be removed because the support media is not miscible in water.  The tissue 
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specimen was properly oriented, embedded in paraffin, and serial sections cut in 4-micron 
increments.  The paraffin was removed and sections were stained using Hematoxylin and Eosin 
(H & E).  To ensure accurate data each slide was numbered and labeled with the sequence 
number and line number for the individual fish.  The number of slides required for each fish 
ranged from 1 to 6 slides depending on the size of the fish and thus the size of the ovary.  For 
fish requiring multiple slides, each slide was numbered, labeled with sequence and line number, 
and noted with A, B, C, D, E, or F depending on the number of slides needed. 
 The histological sections were digitized using a dissecting microscope and Image-Pro 
Plus 5.1 analysis software.  Secondary growth characteristics were examined for each fish to 
determine maturity and if mature, the phase of maturity (Table 1).  Berlinsky and Specker (1991) 
considered female striped bass mature if their ovaries contained oocytes in the secondary growth 
phase as evidenced first by the appearance of droplets in the ooplasm and later by the appearance 
of vesicles containing protein granules, secondary growth granule stage, or vitellogenic stage 
oocytes, and if the oocytes were in final maturation or were atretic.  Methodologies outlined in 
Brown-Peterson et al. (2011) and Lowerre-Babrieri et al. (2011a, 2011b) were used as guidelines 
when describing the phases of the reproductive cycle and oocyte development of striped bass 
(Table 1).   
The length and width of 100 oocytes showing secondary signs of secondary growth (not 
PG) were measured to determine mean oocyte diameter per fish.  Only oocytes sectioned through 
the nucleus with distinct germinal vesicles were measured (Morris et al. 2011).  If there were not 
100 oocytes meeting this criterion then all oocytes that did were measured using Image Pro Plus 
5.1 image analysis software and validated using a micrometer.  For smaller fish, secondary 
growth characteristics were assessed first to determine if diameter measurements were deemed 
16 
 
necessary.  If the individual showed no signs of maturity, had only PG oocytes, or if the gonadal 
material indicated active spawning, regeneration, or regressing, then diameters were not 
measured because maturity was known.   
Striped bass can be in the developing stage (sexually mature), but may not spawn during 
the immediate spawning season.  If the maturity stage was determined to be developing, 
spawning capable, actively spawning, regressing, or regenerating then the fish was considered 
mature.  Developing fish were considered mature, but not imminently spawning.  Two 
classifications were used to assess maturity:  percent mature using the number of fish in the 
developing through regenerating stage and percent spawning using the number of fish in the 
spawning capable through regenerating phase.  
Typically length- and age-at-maturity are represented by length at 50% mature (L50%) 
and age at 50% mature (A50%) (Trippel and Harvey 1991; Chen and Paloheimo 1994).  To 
determine these two important life history parameters, a logistic model was fit to the maturity-at-
age and maturity-at-length data: 
 
%Mature=1/(1+e
(-R(Size or Age Class – Size or Age at 50% maturity)
); 
 
where %Mature is the predicted percent of mature females for each size or age class, R is the 
slope of the curve, and Size Class was divided into 25 mm bins. 
 
Fecundity 
To maintain the covariance for the average fecundity of a population at less than 10%, a 
sample of 50 or more females is required (Hunter et al. 1985); therefore, a subsample of 100 
females was selected.   Only fish in the maturity stage of developing or spawning capable were 
used for fecundity analyses.  After preservation, two subsamples of ovarian tissue were removed 
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from the middle section of the ovary, because there is no significant difference in oocyte 
diameter among the anterior, middle, and posterior sections of the ovary regardless of 
developmental stage (Olsen and Rulifson 1992).  In addition, two subsamples are considered the 
optimum number of tissue samples needed for fecundity determination (Hunter et al. 1985).    
Oocytes were separated from each other and the ovarian tissue through a washing process 
(Lowerre-Babrieri and Barbieri 1993).  A section of ovarian tissue was cut and placed in 0.2 mm 
and 0.4 mm sieves and held under vigorously flowing water until the oocytes were separated.  
The oocytes were blotted dry and a 1.0 g sample was taken and placed in a glass vial with 70% 
ethyl alcohol.  The vials were then shaken vigorously for 30-60 s to ensure separation of the 
oocytes and then placed in a Petri dish with a soap solution (1 part soap: 20 parts water) to 
reduce surface tension (Klibansky and Juanes 2008).   
Images were taken of each subsample using an Olympus 5.2 megapixel digital camera.  
The camera was set to super-micro with no zoom.  The Petri dish was placed on a black surface 
and light was adjusted to illuminate the oocytes without creating glare.  The images were then 
uploaded to Image-Pro Plus 5.1 image analysis software and the software automatically counted 
the eggs according to the filter settings (50-100 µm area).  Along with a total egg count, the 
software computed area (µm), major axis (µm), minor axis (µm), diameter (µm), perimeter (µm), 
and roundness factor (µm) for each individual oocyte.  Samples were validated by sectioning the 
images into grids and counting individual eggs with a hand counter.  For total or potential annual 
fecundity, secondary growth oocytes were counted (Murua et al. 2003; Thorsen and Kjesbu 
2001).  The number of eggs per gram for each sample was calculated and tested for variance.  If 
the samples had a Covariance (CV) value of >10% the samples were not used for fecundity 
analysis (Kjesbu and Kryvi 1989; Thorsen and Kjesbu 2001).  The mean number of eggs per 
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gram was calculated across the two subsamples for each fish.  The mean number of eggs per 
gram was used to calculate the number of eggs in each ovary by multiplying mean eggs per gram 
by total ovary weight (Cailliet et al. 1986).   
 
Condition 
 In order to determine the overall health of the fish several condition factors were 
calculated using collected biological samples. The liversomatic index (LSI), Fulton’s condition  
factor (K), gonadosomatic index (GSI), and relative weight (Wr)  condition indices were 
calculated in the same manner as that of Gentry (2006).  The LSI was calculated as a percentage 
of the total body weight using the formula: 
LSI = Wliver/Wtotal * 100%; 
where Wliver is the liver weight (g) and Wtotal is the total wet weight (g) of the fish.  Changes in 
the LSI indicate the state of immediate well-being of the fish during spawning and feeding, and 
reflect changes in the glycogen content of the liver. The K factor is calculated as: 
K = W/L
3
 * 100,000; 
where W is the total wet weight (g) and L is the total length (mm) of the fish.  Relative weight is 
more useful than specimen weight because it allows inferences about the status of a population 
(Gentry 2006). The equation for Wr is: 
Wr = W/Ws * 100; 
where W is the total wet weight of the fish (g), and Ws is the length-specific standard weight (g) 
for the species.  To use this index, the length-specific standard weight must be calculated from 
the literature equation of Brown and Murphy (1991):  
log10(Ws) = a + b * log10(L); 
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where Ws is the length-specific standard weight (g), L is length (mm), with a and b being 
regression coefficient estimates.  The following equation was parameterized with regression 
coefficient estimates specific to striped bass: 
log10(Ws) = -4.924 + 3.007 log10(TL); 
 
where TL is the total length (mm).  This is the same equation as that used for the A/R stock by 
Haeseker et al. (1996) and Gentry (2006).  To determine gonadal development throughout the 
spawning season, ovarian weight was compared to total weight using the formula: 
GSI=Wgonads/Wtotal * 100%; 
 
where Wgonad is the gonad weight (g) and Wtotal is the total wet weight (g) of the fish.  The trends 
in GSI show how much energy each fish is depositing into gonadal development.  During times 
of poor condition such as starvation, fish will not put energy into reproduction, but rather into 
survival. 
 
Olsen and Rulifson 
The same techniques used by Olsen and Rulifson (1992) were used in this study; 
however, some were slightly modified.  The following describes any deviation of methods from 
the previous study used in the current one. 
 To measure oocyte diameters, Olsen and Rulifson (1992) projected the slides onto a 
digitizing tablet using a dissecting microscope.  This study used Image Pro Plus 5.1 image 
analysis software to project digital images onto a computer monitor.  The secondary growth 
characteristics used for oocyte maturity by Olsen and Rulifson (1992) included: opacity of the 
oocytes; presence or absence of small, clear-staining, lipid vesicles within the cortex (cortical 
alveoli); and presence or absence of larger, dark-staining protein vesicles in the inner mid-cortex 
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(vitellogenin).  In this study, these secondary growth characteristics were used as well as 
additional characteristics as per Brown-Peterson et al. (2011).  Fecundity was estimated from PG 
and secondary growth oocytes in the previous study, whereas this study used only those eggs 
clearly visible as secondary growth oocytes.  Samples were sieved so that PG oocytes would not 
be counted because PG oocytes do not contribute to the fecundity for the given year and 
therefore were not counted in the fecundity analyses (Murua et al. 2003; Thorsen and Kjesbu 
2001).  The previous study used scales as the primary ageing structure, while more recent studies 
have proven that otoliths are more reliable (Paramore and Rulifson 2001); therefore, otoliths 
were used as the primary ageing structure in this study.  It was determined that a larger sample 
size would more accurately depict the age- and length-at-maturity; therefore, when establishing a 
baseline for samples, the amount used in the previous study was doubled by sample area to 
ensure that enough samples were collected.  Olsen and Rulifson (1992) found that striped bass 
were sexually mature by age-4, and assumed that all fish deemed sexually mature would spawn 
in the upcoming season.  In this study, maturity and spawning capability were assigned for the 
season of capture.  
Each fish was assigned as mature or immature according to criteria used by Olsen and 
Rulifson (1992) and were compared using the new criteria (Table 2).  Like Olsen and Rulifson 
(1992), the methodology used for comparison of maturity was drawn from Merriman (1941), 
Lewis (1962), and Specker et al. (1987), and results were compared with the previous maturity 
and fecundity estimates.  A maturity schedule by age and fish size using techniques in Brown-
Peterson et al. (2011) and Lowerre-Babrieri et al. (2011a, 2011b) was then developed and 
compared to the original Olsen and Rulifson (1992) maturity schedule to look for any differences 
or similarities.  Estimated fecundity using age, FL, TL, and weight from the previous study were 
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plotted against the current study to illustrate any changes from previous estimates.  Olsen and 
Rulifson (1992) did not estimate fecundity by TL so to facilitate a TL comparison, the total fish 
length was estimated using the published FL-TL regression equation (y=5.43 + 1.03x) (Olsen 
and Rulifson 1992).  
 
Migration and Spawning Frequency 
Otoliths were analyzed for patterns in the microchemistry to determine migratory patterns 
and spawning frequency.  Otoliths were prepared and examined in the same manner as described 
by Mohan (2009).  The sagittal otolith pairs were extracted using forceps, scrubbed to remove 
surface tissue, measured (mm) and weighed (0.01 g), cleaned with distilled deionized water, and 
stored in open 1.5 ml microcentrifuge polypropylene vials to dry.  The right sagittal otolith was 
selected for chemical analysis (there was no significant difference in mass between the left and 
right otoliths). Samples were sent to the University of Manitoba, Winnipeg, Canada, and 
prepared for chemical analysis.   
Otoliths were embedded in an epoxy resin (Buehler Epoxicure) and a 2 mm thick dorso-
ventral transverse section, including the core, was cut using a diamond blade Isomet saw 
(Buehler 646) at low speed.  The dorso-ventral section exposes increments with a geometry that 
dips into the plane of the section, allowing penetration of the laser beam to sample discreet 
increments (Halden and Friedrich 2008).  The cut sections were then re-embedded in 25 mm 
diameter, Plexiglass ring mounts (typically four sections per mount).  The orientation and 
identity of each section within each ring mount was diagramed for sample reference.  To expose 
the nucleus region and otolith core, the section was ground down using 320, 400, and 600 grit 
wet sandpaper and then ultrasonically cleaned for 2 min. Scratches on the otolith surface were 
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removed by polishing with Buehler diamond polishing suspensions (9 m and 0.05 m) on a 
polishing wheel to achieve a completely smooth surface required for laser ablation.  Polished, 
mounted otoliths were given a final ultrasonic cleaning with ultrapure water and digitally 
photographed to create an illustrated reference for LA-ICP-MS analysis.  Laser scans were 
initiated beyond the nucleus, and then conducted through the core and along the longest axis of 
otolith growth to the outer edge.   Isotope counts of elements (
88
Sr, 
138
Ba, 
25
Mg, and 
55
Mn) were 
converted to ppm using Microsoft Excel and plotted versus laser distance.  The distance from the 
nucleus to the first annulus and between each resulting annulus, indicating each year of growth, 
was measured using Image Pro Plus 5.1 image analysis software.  The ages were then plotted 
along the x-axis with the isotope counts of 
88
Sr to determine peak elemental concentrations for 
each year of life. 
Relationships between otolith Sr:Ca and salinity have been reported at consistent levels 
from multiple studies (Secor et al. 1995; Kraus and Secor 2004; Dorval et al. 2007).  Relatively 
low stable levels of 
88
Sr throughout the otolith indicate resident fish.  Increased 
88
Sr levels, 
followed by sudden and dramatic changes in 
88
Sr to low levels, indicate entry into freshwaters to 
spawn (Secor and Piccoli 1996).  Comparison of ages to the number of changes in 
88
Sr indicated 
whether the fish spawned each year, or was a skipped spawner (SS).  These data are then used to 
assign resident or migratory status to each fish.  Secor and Piccoli (2007) found that over 50% of 
female striped bass >age-5 from the Chesapeake Bay showed signs of anadromy. 
There have been multiple studies examining the elemental profiles of the 
Albemarle/Striped bass stock (Morris et al. 2003; Morris et al. 2005; Patrick et al. 2006; Mohan 
2009).  
88
Sr levels (mg kg
-1
 or ppm) were used as an indicator of migration by Morris et al. 
(2005), Patrick et al. (2006), and Mohan (2009) using the following concentrations converted 
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from salinity (ppt):  0-2000 ppm = freshwater (0-11 ppt), 2000-4000 ppm = estuarine (11-35 
ppt), and >4000 = marine (>4000 ppt).  The same concentrations were used to determine the 
movements of the fish within the first year of life and assign anadromy or residency for mature 
fish. 
 
Data Analyses 
All data were stored and analyzed using Microsoft Excel, SAS (SAS Institute 2009), and 
SAS Enterprise Guide (SAS Institute 2009).  Analysis of variance (ANOVA) was used to define 
the best correlate of fecundity among FL, TL, weight, and age.  Fecundity estimates derived 
from FL, TL, weight, and age were then compared to that of Olsen and Rulifson (1992).  
Parameter estimates were calculated using 95% confidence limits and least-squares linear 
regressions.  Growth models (von Bertalanffy, weight-length) were fit using MS Excel, and 
results were validated using SAS.  Elemental concentrations were converted to ppm using Excel 
and age plotted on the x-axis. 
 
 
 
 
 
 
 
  
RESULTS 
 
 
Data Collection 
A total of 453 female striped bass were obtained from 2009 and 2010:  237 fish from the 
IGNS (n=104 in 2009; n=133 in 2010) in the Albemarle Sound and 216 fish from the 
electroshocking survey (n=116 in 2009; n=100 in 2010) on the Roanoke River (Figure 10).  The 
number of samples and the size distributions from each year by sample area were similar.  Size 
frequencies were normally distributed for Roanoke River collections and skewed to the right for 
Albemarle Sound samples (Figures 11 and 12).  The sample area and year were then compared to 
demonstrate the difference in size frequencies between the sample areas (Figures 13 and 14).  
The data sets from each sampling area were combined for developing the maturation schedule 
and for all other analyses. 
 
Age and Growth 
 Female striped bass collected from the Albemarle Sound ranged from 300 to 1,043 mm 
TL (n=215; mean=526.8 mm; SE=10.9 mm) with 97% within 300 to 600 mm TL (Table 3).  
Fork lengths ranged from 280 to 991 mm (mean=404.5 mm; SE=10.4 mm) and weight ranged 
from 0.25 to 11.25 kg (mean=2.26 kg; SE=0.10 kg) (Table 3).  Female striped bass collected 
from the Roanoke River ranged from 321 to 1,080 mm TL (n=205; mean=687.5 mm; SE=25.2 
mm) with only 62% falling into the 30 to 600 mm TL size range (Table 4).  Fork lengths ranged 
from 300 to 1,019 mm (mean=645.5 mm; SE=32.5 mm) and weight ranged from 0.33 to 16.8 kg 
(mean=4.64 kg; SE=0.50 kg) (Table 4).   
 Age was determined from a total of 435 otoliths.  After two independent reads, agreement 
was 87.5% and after a third read for discrepancies, reader agreement was 100%.  The age 
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distribution was primarily age-2 to age-5 (n=370) with only 15% of the samples >6 years old 
(Table 5).  Age composition was very similar to that of NCWRC and NCDMF from the same 
period and sampling season (Table 6).  Otolith ages were considered 100% accurate; they were 
compared to ages from scales (n=320) to determine the accuracy of scale ages.  Overall, scales 
overestimated younger fish by 51.8% (age-2 to age-7) and underestimated older fish by 73.7% 
(age-8 to age-16) (Figure 15).   
 Significant indicators of age (p<0.0001) were TL, FL, and weight (Table 7).  FL was a 
significant estimator of TL (p<0.0001) as was weight to FL (p<0.0001).  Length and age were 
combined to create an age-length key showing the percent of striped bass at age within 25 mm 
size classes (Table 8).   
 All aged samples (n=436) were used to predict the length of striped bass as a function of 
age using a von Bertalanffy growth model (Figure 16).  The von Bertalanffy equation estimated 
for striped bass in this study was: 
Lt=1052.10(1-e
-0.125(t+1.0)
); 
 
the weight-length relationship was estimated using data from 434 fish with weights ranging from 
330-16,800 g and total lengths ranging from 300-1080 mm (Figure 17).   
 
W=1.55 * 10
-11
(L)
2.893
; 
 
 
 
Maturity and Fecundity 
Maturity 
 Fish were considered sexually mature in the developing though regenerating stages with 
mature female striped bass found as young as age-3 (28.6%); 96.8% were mature at age 4, and 
were 100% mature by age-5 (Table 9).  To determine the portion of these fish that were thought 
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to be spawning or about to spawn, the total number of fish in the spawning capable maturity 
phase and greater was calculated:  only 16.1% of age-3 fish were spawning imminently, 83.2% 
of age-4, and 95.6% of age-5 with all fish spawning capable by age-6 (Table 9).  Age at 50% 
maturity was determined to be 3.2 yrs and length at 50% maturity was determined to be 427.1 
mm TL using a logistic regression (Figures 18 and 19).  Mean oocyte diameters were measured 
for all fish in the developing phase (n=29) of maturity (Table 10). 
 
Fecundity 
 Striped bass were determined to be total spawners with determinate fecundity.  Of the 
453 female striped bass sampled, 186 were found to be immature, regenerating, regressing, or the 
sample was unusable.  From the 267 individuals that could be used for fecundity analysis, 97 fish 
were subsampled for fecundity across age classes and between sampling areas.  Subsamples that 
had a CV>10%, no age assigned, or missing other biological parameters were removed before 
analyses (n=17).  Potential fecundity was estimated gravimetrically from the subsample (n=80) 
with fish ranging in age from 3 through 16 yrs (Table 11).  Fecundity increased approximately 
50,000-100,000 eggs per year for fish <6 years old and 150,000-250,000 for fish >6 years old.  
The relationship between fecundity and age was linear (r
2
=0.86), but variable (Figure 20).  
Potential annual fecundity, estimated gravimetrically, ranged from 176,873 eggs for age-3 
females (n=4) to 3,163,130 eggs for a single age-16 female.  The average number of eggs per 
gram of ovarian tissue decreased with age (Figure 21). 
 Alone, all variables were significant predictors of fecundity and it significantly increased 
with age, length, and weight (p<0.0001; Table 16).  Fecundity estimates by weight were larger 
than those by age, FL, and observed TL (Table 11).  TL estimated from regression parameters in 
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Olsen and Rulifson (1992) was also a significant predictor of fecundity (p<0.0001) and these 
estimates were larger than estimates derived from age, FL, and observed TL but slightly smaller 
than fecundity estimates derived from weight (Tables 11).   
 
Condition 
 Minimum, maximum, and mean values of each condition factor -- GSI (n=440), LSI 
(n=447), K (n=453), and Wr (n=453) -- were calculated by month for each year (Table 12).  The 
GSI values were low in March, but showed an increase in April and May with a spike at the end 
of May (Table 12; Figure 22).  The LSI values peaked in March before falling to their lowest 
point in May (Table 12; Figure 23).  The values for K remained relatively constant throughout 
months and years with a slight increase in April and fluctuated in May (Table 12; Figure 24).  
The Wr values followed the same pattern as K staying relatively constant across months (Table 
12; Figure 25). 
 
Olsen and Rulifson 
 The percentage of oocytes showing signs of secondary growth (developing) and meeting 
the minimum oocyte diameter criteria (10-40%) used by Olsen and Rulifson (1992) was 
calculated for 29 fish (Table 13).  Each methodology used by Olsen and Rulifson (1992) was 
followed and the percent of oocytes mature by age were compared (Table 14).  Olsen and 
Rulifson (1992) found that assigning maturity using a 20% cutoff of minimum oocyte diameters 
was accurate for striped bass and that age-3 fish were 44% mature.  Using the same criterion, the 
fish examined in this study were only 17.9% mature at age-3 and age-4 fish were 96.8% mature 
compared to 92.9% found by Olsen and Rulifson (1992) (Table 14).  Both studies had 100% 
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maturity by age-6 and when comparing methods, all the developing fish (n=29) were considered 
mature while Olsen and Rulifson (1992) would have only considered 24 fish (82.7%) mature 
using their criterion (Table 14). 
 Fecundity estimated by Olsen and Rulifson (1992) was higher by age, TL, observed FL, 
and estimated TL compared to this study (Table 15).  Estimated fecundity was lower than 
estimates from Olsen and Rulifson (1992) (Figure 26-29): gravimetrically, lower by 38.6% , by 
age lower by 58.7%, by weight lower by 39.5%, and by FL lower by  38.5%.  The fecundity 
from estimated TL was very close to the observed 41.2% TL estimate from the current study 
(Figure 30).  Olsen and Rulifson (1992) found the mean number of eggs per gram of ovarian 
tissue was not significantly different among age classes, but for this study, the average number of 
eggs per gram of ovarian tissue decreased with age (Figure 21).   
 
Migration and Spawning Frequency 
 Of the 453 total female striped bass sampled, a subsample (n=288) of fish from each 
sample area and year was used for otolith microchemistry.  Levels of 
88
Sr were examined at the 
focus (nucleus) of each fish and assigned a category of low (<2000 ppm), medium (2000-3000 
ppm), or high (>3000 ppm) depending on the peak 
88
Sr levels (Figures 31-34).  Of the 288 
samples varying from age-2 to age-16, 21.5% had low 
88
Sr levels, 10.4% had medium levels, and 
68.1% had high 
88
Sr levels (Table 16).   
 The first year of life (Age 0-1) was analyzed to determine 
88
Sr levels and the following 
categories assigned:  constant – fish that stayed within a 1000 ppm range from birth to age-1 
(Figure 34); sprinter – fish having an increase in 88Sr from birth to age-1 with peak levels being 
>4000 ppm (Figure 31); and stager – fish that varied more than 1000 ppm, increasing or 
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decreasing in value (Figures 32 and 33).  The constant category represented 42.4% of all fish, 
with sprinters and stagers at 28.5% and 29.2% (Table 16).  Fish were considered resident if peak 
levels of 
88
Sr did not exceed 4000 ppm, and were considered anadromous if peak levels were 
>4000 ppm (Figures 31-33).  Anadromy was only assigned to mature fish (Age >3) with any fish 
less than age-3 being assigned residency.  The majority of the mature striped bass (77.4%) were 
considered resident with the other 22.2% migrating to the ocean and becoming anadromous 
(Table 16).  Of the 64 anadromous fish, 3.8% (n=11), showed signs of anadromy after age-3, but 
had levels below 4000 ppm later in life showing signs of residency (Figure 34).   
 When resident and anadromous fish were examined separately for first year of life (Age 
0-1) resident fish were mainly constant (42.2%) in 
88
Sr concentration during the first year, 
though 25.6% classified as sprinters and 32.3% as stagers (Table 16).  Fish determined to be 
anadromous showed similar age 0-1 characteristics with 43.8% classified as constant 
88
Sr, 37.5% 
as sprinters, and 18.8% as stagers (Table 16).  Fish that were considered anadromous as adults 
were 11.9% more likely to migrate to marine waters (sprint) within the first year of life than 
those classified as resident fish.   
 Using 
88
Sr as an indicator of salinity to determine skip spawning was not successful.  
Levels of 
88
Sr compared to each year of growth was variable for the A/R striped bass stock, 
therefore skip spawning could not be determined.  This result is addressed in further detail in the 
discussion. 
 
 
 
  
DISCUSSION 
 
 
In 2004, an amended N.C. Estuarine Striped Bass Fishery Management Plan (FMP) was 
adopted by the N.C. Marine Fisheries Commission (NCMFC) to address striped bass fisheries in 
all internal coastal waters of the state.  The North Carolina Striped Bass FMP is currently 
undergoing revisions and with an updated maturation schedule, stock assessment models will be 
available for NCDMF to accurately define the parameters used in fisheries management.  The 
age-at-maturity information that was gathered is essential for determining the reproduction 
potential of striped bass.  New stock assessments of the current striped bass population will be 
used to determine the viability of the stock and estimations of SSB and will be used by NCDMF 
to determine current and future stock size.  More accurate life history information will aid in 
evaluating harvest regulations and size limits, and allow the fishery to operate at a sustainable 
level.   This study will help the management of striped bass in North Carolina.  North Carolina’s 
marine resources are an integral part of the state’s economy, and provide economical and 
environmental benefits to all of North Carolina’s citizens.  By effectively managing the A/R 
striped bass stock, it will help restore, develop, and enhance North Carolina’s marine resources.  
 There have been several workshops (FRESH) over the past 10 years that have sought to 
standardize a set of guidelines when characterizing the maturation and fecundity of a species 
(Brown-Peterson et al. 2011; Lowerre-Babrieri et al. 2011a, 2011b).  These workshops have 
encouraged scientists to use the reproductive terminology and methodologies set forth in order to 
have a world-wide standardization for all species that would result in better and more efficient 
science.  The terminology and methodologies used by Brown-Peterson et al. (2011) and 
Lowerre-Babrieri et al. (2011a, 2011b) were employed to bring the maturity data for the A/R 
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striped bass stock up-to-date, while still using the same methodologies as Olsen and Rulifson 
(1992) for accurate comparisons.   
 
Sampling 
 Sampling protocols used in this study produced a subset representative (n=453) of the 
A/R striped bass stock with fish collected in pre-spawn, spawning and post-spawn conditions 
from the Albemarle Sound and the Roanoke River (Table 17).  The number of samples collected 
was evenly distributed across sample areas and year; however, because samples collected from 
the Albemarle Sound were done through the IGNS conducted by NCDMF, size classes were not 
evenly distributed.  The mesh sizes used by the IGNS are selective toward smaller fish; 
therefore, samples from the Albemarle Sound were skewed toward the smaller size classes with 
96% age-2 to age-5.  The size classes were distributed normally and selectivity was constant with 
regard to size for the samples from the Roanoke River collected by NCDMF and NCWRC using 
an electroshocking boat (Anderson 1995). By using both the IGNS and the electroshocking 
survey, a wide range of samples were collected lending to an overall good distribution of size 
and age classes. 
 Olsen and Rulifson (1992) collected samples (n=237) from recreational catches on the 
Roanoke River (26%) and commercial catches (74%) from the Albemarle Sound and Roanoke 
River.  Recreational catches were potentially biased owing to fishermen keeping the larger fish 
within the size limit, and the commercial catch consisted of larger fish, because of a market for 
them in the Midwest.  Both of these potential biases in catch were considered when determining 
the collection quantity and size distributions of the samples to be collected in the present study. 
Sample size was increased by 70% from the previous study to ensure that collections were 
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evenly distributed between size and age classes.  While a more even distribution of age classes 
was desired, the removal of too many large, fecund females from the population was a concern 
of the state fishery agencies.  It has been well documented that 100% of striped bass are mature 
by age-6 (mean=650 mm TL) (Merriman (1941), Lewis (1962), Specker et al. (1987), Olsen and 
Rulifson (1992)); therefore, the number of large females targeted and sampled (>650 mm) was 
noticeably less than fish <650 mm. 
  
Age and Growth 
 An increase in the age composition of the A/R striped bass stock has been validated as 
has growth in the population, since the last study was completed over 20 yrs ago using the 
current study and comparing the data to that collected by NCDMF.   Scales overestimated 
younger fish (37.4%) and underestimated older fish (91.5%).  It is well known that scales 
underestimate older female striped bass (Paramore and Rulifson 2001), but the over estimation of 
younger fish, specifically age-2, has not been well documented in the literature.  When 
determining age from striped bass scales, the first annulus can be difficult to find, because of the 
presence of false annuli and checks that can lead to potential bias in ageing (Humphreys and 
Kornegay 1985); the otoliths were determined to be the preferred ageing structure.  While 
otoliths are more accurate and efficient ageing structures, they are more difficult to sample and 
the number of samples needed is hard to achieve because scales can be taken from live fish 
without harming the individual, whereas otolith collection can be done only on deceased fish and 
take more time to collect.  
 The fish sampled from the Roanoke River were generally longer in length (mean=687.5 
mm TL and 645.5 mm FL), heavier in weight (mean=4.64 kg), and were considerably older 
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(age>6=38.1%) than were the fish sampled from the Albemarle Sound (mean=526.8 mm TL, 
404.5 mm FL, 2.26 kg, age>6=7.2%).  The differences in size are most likely owed to the 
different sampling techniques (Tables 3, 4, and 5).  The age composition data were similar to that 
of NCDMF and NCWRC, which sampled in the same area during the same time period (Table 
6).  The parameter estimates for length-at-age using the von Bertalanffy growth model and 
weight-at-length using an exponential growth model were expected, with some variability across 
size and age.  Results suggest that these models can be used to predict striped bass length-at-age 
and weight-at-length, but more age-0 to age-2 fish should be included in the each model for best 
fit.  Using linear regressions, the variables TL, FL, and weight were significant indicators of age 
(p<0.0001), and FL and weight were significant indicators of TL (p<0.0001).   
 
Maturity and Fecundity 
 For all species, including striped bass, there is a balance between growth, reproduction, 
and survival, which determine the reproductive lifespan and the age- and size-at-maturity of a 
species (Lowerre-Barbieri et al. 2011a).  Stock productivity is directly linked to estimates of 
maturity and fecundity, which are fundamental when assessing the status of a population (Hunter 
and Macewicz 2003).  One indicator of stock size is the age at first maturity (Trippel 1995).  It is 
important to examine maturity responses for a fish stock over subsequent years to determine if 
the age- or length-at-maturity has changed.  A decrease in the age-at-maturity may indicate a 
stock’s response to environmental stress, fishing pressure, or reduction in size (Trippel 1995).  
By continually monitoring maturity for species, the trends in population size can be followed to 
that of the age- and size-at-maturity (Trippel 1995).   
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 The A/R stock was in a state of depletion when Olsen and Rulifson (1992) completed 
their assessment, which indicated a large percentage (44%) of age-3 fish mature.  The age-3 
maturity (44%) could have been caused by a decrease in the age composition and density of the 
stock as a result of removing the larger, more fecund females from the population.  This could 
have caused a downward shift in the age-at-maturity. 
 Compensatory theory states that compensatory responses are based on mechanisms that 
are density-dependent.  There are various forms of density-dependent processes that could affect 
the population.  Density-dependent predatory responses can lead to mortality, which can cause 
compensation (Rose et al. 2001).  A reduction in population size resulting in lower competition 
is an example of density-dependent growth.  Less competition from larger individuals provides 
more food and resources for smaller individuals in the population, thereby increasing growth 
rates and leading to earlier maturation rates (Trippel 1995).  On the contrary, high density 
populations would increase competition and decrease growth rate for individuals (Rose et al. 
2001).  Density-dependent movement can affect the reproductive success for high density 
populations by limiting habitat and forcing individuals to seek out secondary habitats that may be 
less suited for reproduction or overall condition (Rose et al. 2001).  Changes in maturation, 
fecundity, spawning frequency, and quality of eggs are all considered density-dependent 
reproductive changes and are related to fish size (Rose et al. 2001).  Survival, growth, 
reproduction, and movement are all deemed compensatory if varying population densities 
modify their rates of change (Rose et al. 2001).  In most studies, the idea that a decrease in the 
population can cause early maturation rates and an increase in population can result in a slower 
growth rate caused by compensatory responses is well supported (Trippel 1995; Rose et al. 
2001).    
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 Age- and length-at-maturity typically varies among populations, are closely related, and 
are good predictors of one another (Trippel 1995).  Normally, for a stressed stock the decrease in 
the age-at-maturity would be concurrent with a decrease in size-at-maturity.  For a depleted 
stock, fish can spawn at much younger ages and therefore, smaller sizes (Trippel 1995).  Age 
truncation caused by fishery exploitation can cause a more rapid shift in maturity, resulting in 
stock abundance being closely linked to annual changes in year-class strength (Secor 2000).  
Removing large females decreases viable egg production and forces smaller, younger fish to 
spawn less viable eggs leading to further decrease in the stock.  Another theory is that fish may 
obtain maturity at larger sizes owing to a decrease in population size (Trippel 1995).  This differs 
from previous theories that fish should decrease in size when stress causes maturity to decrease.  
When a population is healthy and density is high, fish typically have slower growth rates than 
with a reduced population, which expedites growth and decreases maturity (Trippel 1995).  
Theoretically, this could be what was occurring with the A/R stock when Olsen and Rulifson 
(1995) completed their maturation study.   
Age-4 fish were considered mature in both studies, but the mean lengths differed between 
studies, with Olsen and Rulifson (1992) age-4 fish having mean FL of 530 mm and TL of 555 
mm, while age-4 fish in this study had a mean FL of 443 mm and TL of 475 mm.   The depleted 
stock sampled by Olsen and Rulifson (1992) could have expedited growth and increased the 
percent of age-3 mature to counteract the exploitation and removal of larger females from the 
population.  This could explain the difference in the mean number of eggs per gram between 
studies.  Olsen and Rulifson (1992) found the mean number of eggs per gram was relatively even 
throughout age classes, whereas this study found a decrease in mean eggs per gram with age.  In 
a healthy population, as fish grow, mean egg size should increase leading to a decrease in mean 
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density per gram.  The exploited stock could have been showing signs of density-dependence 
with the few larger fish producing smaller, less viable eggs and the smaller fish contributing 
more to fecundity estimates.  While it is important to understand how the stock could have 
fluctuated based on population densities, it is important to note the differences in sampling and 
methodologies between the two studies. 
 All species strive to maximize reproductive success.  Reproductive success depends on 
many factors including reproductive output or egg production, environmental factors, and 
survival of the output (Lowerre-Barbieri et al. 2011a).  Reproductive potential depends on the 
number of first time spawners compared to larger fish, which typically contribute more viable 
eggs to the spawning stock.  There are a number of traits that factor into reproductive potential, 
with egg size and the length of the spawning season being important (Trippel 1995).  Egg size 
and length of the spawning season are both directly related to body size.  Large, more fecund 
females produce larger, more viable eggs compared to first time spawners that produce smaller, 
less viable eggs.  Larger, more viable eggs increase larvae survivability, recruitment, and 
consequently the stock as a whole.  It has been shown that condition of larvae improves as a 
function of parent body size (Trippel 1995).  There have been numerous studies on striped bass 
showing a positive correlation between parent size and offspring viability with younger fish 
having less viable eggs (Zastrow et al. 1989; Houde et al. 1988, 1989).  Spawning seasons can be 
shortened because of age truncation in the stock, which leads to a decrease in spawning 
opportunities and offspring survival (Trippel 1995).  With any given spawning event, 
reproductive success of certain fish in the population can affect other fish’s success and fitness 
through density-dependent compensatory mechanisms (Lowerre-Barbieri et al. 2011a).  
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 The objective of this study was to determine if the age-at-maturity for the A/R striped 
bass stock changed.  The findings show that the age-at-maturity did not decrease, but in fact 
increased from 92.9% to 96.8% at age-4, with 100% maturity by age-5.  Olsen and Rulifson 
(1992) had 95% mature at age-5 with 100% maturity by age-6.  Further, Olsen and Rulifson 
(1992) found that 44% of age-3 fish were mature compared to this study, which found only 
28.6% of age-3 females to be mature.  The age-3 samples from Olsen and Rulifson (1992) were 
collected using recreationally and commercially caught fish leading to potential bias in the size 
range of samples owing to fishermen typically keeping the largest, legal fish allowable.  This is 
known as Lee’s Phenomenon, where the larger fish from each age class are harvested leaving the 
smaller individuals to represent the population (Ricker 1969). 
 There are several factors discussed that could have caused changes in age- and size-at-
maturity between studies.  Potential bias in sample size or differences in methodologies could 
have caused the changes in size- and age-at-maturity.  It could also be an expression of the 
paradigm of age- and size-at-maturity being affected directly by stock size.  Because different 
populations undergo various environmental and anthropogenic changes, not all stocks exhibit 
identical population dynamics.  Maturity estimates by Merriman (1941) and Berlinsky et al. 
(1995) on striped bass off the coast of Rhode Island showed similar maturity given the time lapse 
(>40 years) and dramatic decline in the stock on the East Coast during this period.   
 It is not certain whether the difference in sexual maturity for the A/R striped bass stock 
between this study and Olsen and Rulifson (1992) was due to potential sampling bias or 
population dynamics.  Future studies could confirm the difference in size- and age-at-maturity.  
If the difference in sexual maturity was due to the decreased population that was sampled by 
Olsen and Rulifson (1992) compared to the recovered population sampled in this study, future 
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estimates should also differ depending on stock status.  Once a fish population has reached 
maximum population density, it will begin to decrease in size and therefore the age- and size-at-
maturity estimates should change.  This would prove to be ecologically and biologically 
important for the species.  It is important for fisheries managers to continually monitor the stock 
for changes in age- and size-at-maturity and compare results to size and age estimates.  This 
study provides a new baseline for which future studies can base sampling protocols and 
methodologies, thereby negating any change in maturity due to potential sampling or 
methodology bias.  Environmental fluctuations, exploitation, and population density can cause 
shifts in maturity and fecundity, therefore understanding their interactions is key to the 
reproductive success of the stock. 
 When comparing this study to previous studies (Olsen and Rulifson 1992) it is important 
to understand the differences in time and resources.  Since Olsen and Rulifson (1992) completed 
their study, there have been major advances in fisheries reproductive biology, leading to a better 
understanding of maturity and fecundity.  The amount of resources allotted in this study enabled 
a larger sample size and better distribution of samples compared to the earlier study, which 
potentially was limited by time and resources. 
 
Maturity 
 In order to achieve accurate calculations of fecundity, the wet weight (g) of the ovaries 
was taken before fixation.  Smaller ovaries were fixed within a 24 h time period, while the larger 
ovaries required a full 48 h.  None of the samples were overly fixed from prolonged periods in 
the 10% buffered formalin solution, thus all samples could be analyzed, aside from those 
desiccated by leakage of preservative (ethyl alcohol). 
39 
 
 Fish were considered mature if secondary growth (cortical alveoli and/or vitellogenic 
oocytes) was observed.  Previous maturity studies used secondary growth characteristics and 
minimum oocyte diameter to determine maturity (Table 14).  Olsen and Rulifson (1992) 
developed a maturation schedule using the methodologies of Merriman (1941), Lewis (1962), 
and Specker et al. (1987) and considered the fish mature if the oocytes exhibited secondary 
growth and if 20% of the oocytes met the minimum diameter criterion (0.174 mm).  They did 
not, however, distinguish between those fish sexually mature, and the percent of sexually mature 
fish contributing to the imminent spawning season.  In this study, age-4 fish were 96.8% mature, 
but only 83.2% would spawn in the imminent season, with 95.6% of age-5 fish spawning at 
100% maturity (Table 9).   
 Striped bass are total spawners with determinate fecundity maturing one clutch or group 
of oocytes each year.  Primary growth oocytes (PG) are present year round.  Once sexually 
mature or considered in the developing stage, striped bass can take up to one year to take part in 
spawning consequently making previous estimates of spawning fish overestimated.  If striped 
bass ovaries contain secondary growth oocytes and were in the developing stage, then the fish is 
considered sexually mature, because once fish enter the reproductive cycle they cannot be 
considered immature again.   
 When comparing methodologies between studies, oocytes from fish that were in the 
developing stage and considered sexually mature were measured for minimum oocyte diameter 
using the same criterion as Olsen and Rulifson (1992).  Of the 29 fish in the developing stage in 
this study, 82.3% would have been considered mature by the criteria of Olsen and Rulifson 
(1992), with only five fish in disagreement between studies (Table 14).  All five fish in 
disagreement would have been considered immature by Olsen and Rulifson (1992) and were 
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age-3.  Factoring this into the age-3 maturity estimates based on current methodologies, the 
percent mature at age-3 would decrease from 28.6% to 17.9% increasing the difference in age-3 
maturity estimates between studies from 15.6% to 26.1%.  This did not affect age-4 fish that 
were considered mature by both studies using all methodologies and criteria. 
  
Fecundity 
 Previous studies reported fecundity estimates similar to Olsen and Rulifson (1992), with 
Olsen and Rulifson (1992) having 10% overall higher values (Lewis and Bonner 1966; Holland 
and Yelverton 1973; Olsen and Rulifson 1992).  There are multiple explanations as to why the 
fecundity estimated by Olsen and Rulifson (1992) was higher than any previous study including 
the current study.  Olsen and Rulifson (1992) froze the ovaries for preservation, while this and 
other studies used 10% buffer formalin solution to fix the ovaries for analyses.  Frozen ovarian 
samples can break upon thawing causing egg fragments and consequently lead to an increase in 
the number of eggs counted and the total fecundity estimate of the fish.  Olsen and Rulifson 
(1992) knew this and calculated a correction factor for preservation by freezing.  Another source 
of potential bias in the fecundity estimations calculated by Olsen and Rulifson (1992) was the 
incorporation of PG oocytes when estimating potential fecundity, which results in larger 
estimations of potential fecundity, but was the standard protocol at the time their study was 
conducted.  When comparing fecundity estimations, counts between the studies were similar 
until approximately age-9, after which the values from Olsen and Rulifson (1992) increased 
dramatically due to only two fish representing age-10 and age-16. This study had a larger sample 
size of large fish age >10 (n=8); this resulted in more accurate estimations for older fish.   
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 In order to eliminate potential bias in the estimates where eggs may have already been 
released by the fish, fecundity estimations were not completed on fish that showed signs of 
spawning (actively spawning phase), regressing, or regenerating.  Excluding these fish from the 
fecundity sub-sample reduced the number of individual’s age-7 through age-9 and led to an 
increase in estimates at age-8.  An increase in the sample size of age classes seven through nine 
and incorporating more samples from earlier in the spawning season is recommended. 
 Technology used in the field of fisheries biology and more specifically fish reproduction 
has been enhanced over the last twenty years.  Precise measurement techniques and use of 
computer software has led to more robust estimates of fecundity.  Images of the samples in this 
study were uploaded to Image-Pro Plus 5.1 image analysis software, zoomed in for detailed 
viewing, and hand counted, eliminating potential bias from using a dissecting microscope, which 
lends itself to user error especially when used for long periods of time. 
 
 
Condition  
 Fish in this study were only sampled during the spring, which prohibited the comparison 
of condition indices across seasonal and across multiple size classes through the years.  During 
the spawning season, it is critical to analyze condition factors to determine the health of the 
spawning population.  Overall, condition indices showed the A/R stock as healthy with normal 
levels of liversomatic index (LSI), gonadosomatic index (GSI), Fulton’s condition factor (K), 
and relative weight (Wr) for the season of collection (spring).  Although they use different scales, 
the patterns of K and Wr values mirrored each other with mean K values at 1.09 and Wr values of 
87.6 from March through May (Figure 35).  The normal K value for most species is 1.0, which 
reflects the standard relationship of length to weight
 
cubed meaning that mean K values for 
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striped bass were above average for the spring.  The optimum value for Wr is 97 with fish 
averaging just below that during the same period.  The Wr value is considered to be species 
specific compared to the K value, but with striped bass these two indices seem to be very similar 
lending to the conclusion belief that either would be appropriate when determining the condition 
of the species.  The LSI and GSI values contrasted with peak LSI mean values in March at 1.84 
followed by declines in April (mean=1.45) and May (mean=1.33).  Mean GSI values were 1.66 
in March followed by a dramatic increase in April (mean=7.69) and a slight decrease in May 
(mean=5.86).  This follows the pattern of a healthy spawning population that is contributing all 
of its energy into gonadal development (GSI) including the carbohydrate glycogen and the 
lipoprotein vitellogenin, which is stored in the liver (LSI); therefore, the values of GSI and LSI 
should be inversely related especially during the spawning season.   
 Gentry (2006) also found mirroring values for K (mean=1.114) and Wr (mean=89.53) in 
the spring of 2005 with GSI (mean=8.509) and LSI (mean=1.2).  The equation for Wr used by 
Gentry (2006) and this study was based on agency sampling of inland populations of striped bass 
and was used to study coastal populations by Haeseker et al. (1996) during the rebuilding stage 
of the stock and before the stock was declared recovered.  Gentry (2006) found that the A/R 
stock was not attaining average condition, but was much lower than average with sampling 
occurring over 8 years after the population was declared recovered.  The decline in condition was 
suggested to be caused by the increased population of the A/R stock and therefore, lower 
carrying capacity (Gentry 2006).  When comparing Haeseker et al. (1996) summer condition 
(mean=79.0) values to summer condition (mean=69.7) values found by Gentry (2009), there is a 
definite decline.  In this study, only fish from the spring season (March through May) were used 
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and it does not contain a yearly mean, therefore corroborating Gentry’s (2006) findings that 
condition factors are below historical values for the A/R striped bass stock for the spring season. 
  
Migration and Spawning Frequency 
Evidence of striped bass occurring outside of their spawning tributaries during the 
spawning season in the mid-Atlantic region has been revealed from electronic tagging, 
hydroacoustics, and otolith microchemistry work done in North Carolina, Virginia, and 
Maryland (Secor 2008).  The objective of determining if large, female striped bass are skip 
spawning could not be validated for the A/R striped bass stock using 
88
Sr levels as an indicator 
of salinity to determine anadromy based on established time spent in the ocean compared to 
inshore waters of North Carolina.  Evidence of movement and migratory behavior has been 
detected in the otoliths based on the levels of 
88
Sr in this study and in previous studies on the 
same population by Morris et al. (2003), Morris et al. (2005), Patrick et al. (2006), and Mohan 
(2009).  Anadromy or residency also could be determined, but it was not clear, even if a fish was 
deemed anadromous, whether skip spawning occurred.  If the individual migrated throughout the 
estuary and did not become anadromous they could have still have skipped spawned; therefore, 
simply using varying levels of 
88
Sr by itself is not appropriate for the A/R stock. 
State and federal fishery agency data indicate that the A/R striped bass stock utilizes 
many different watersheds and habitats within North Carolina, so the criterion in this study of 
classifying a fish as “resident” does not necessarily refer to the Albemarle Sound.  Morris et al. 
(2003) examined the focus of adult A/R striped bass otoliths and found a mixed multi-element 
signature that supported the idea of juvenile striped bass utilizing multiple tributary watersheds 
of the Albemarle Sound, with varying salinities.  Using 
88
Sr as an indicator of salinity, Patrick et 
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al. (2006) detected high levels of 
88
Sr in a proportion of age 0-1 fish implying movement into 
higher salinity environments in the first year of life, with some fish remaining in low salinity 
waters (residents), others gradually moving from estuarine to marine waters (stagers), and others 
rapidly progressing from estuarine to marine waters (sprinters).  Mohan (2009) found high 
88
Sr 
in otoliths of hatchery-reared striped bass caged in selected Albemarle Sound watershed, thereby 
corroborating the findings of Morris et al. (2003) and Patrick et al. (2006).  These high 
88
Sr 
levels in parts of the Albemarle Sound may be misleading when applying the concept that 
juvenile fish are migrating to marine waters.  There have been many studies reporting consistent 
relationships between otolith Sr:Ca ratios and salinity (Secor et al. 1995; Kraus and Secor 2004; 
Dorval et al. 2007), but Comyns et al. (2008) found higher than expected Sr:Ca ratios in juvenile 
spotted sea trout, Cynoscion nebulosus, collected in low salinity waters.  Inconsistencies between 
salinity and Sr:Ca ratios may be caused by early ontogenetic life stages utilizing different 
88
Sr 
uptake or other physiological mechanisms (Comyns et al. 2008).   
The Albemarle Sound is dynamic in that the salinity levels can vary depending on the 
wind driven tide, the time of year, and the freshwater input coming from the numerous rivers that 
drain into it.  The southern area of the Albemarle Sound is connected to the Roanoke, Croatan, 
and Pamlico Sounds, which have much higher salinity ranges with direct input to the Atlantic 
Ocean via Oregon Inlet.  Striped bass have the opportunity to use all of these various habitats 
with a range of salinities as high as seawater (32-37 ppt) without ever leaving the inshore waters 
of North Carolina.  Combining the fact that areas of the Albemarle Sound can have high 
salinities (Mohan 2009) and that striped bass may be using high salinity environments in other 
water bodies within North Carolina, 
88
Sr by itself may not be a good indicator of salinity or of 
migration patterns for the A/R striped bass stock.  Using 
88
Sr patterns in the otoliths to determine 
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skipped spawning also may not be appropriate for the A/R stock.  Modeling all variables 
simultaneously, including salinity, may indicate where fish were at any particular period and 
could be useful when examining skip spawning and migration for the A/R striped bass stock in 
the future. 
 
Conclusions and Recommendations 
Age-at-maturity has not decreased from that reported by Olsen and Rulifson (1992), but 
has increased in the percentage (3.9%) of age-4 fish mature.  A depleted population could have 
been one mechanism forcing earlier maturity.  Because the stock has been declared recovered for 
over 14 yrs, the population may not be as stressed as in previous years.  Condition indices 
suggest low stress.  Also, the evidence provided from the otolith microchemistry work completed 
in this study and by Morris et al. (2003), Morris et al. (2005), Patrick et al. (2006), and Mohan 
(2009) indicate that the resident A/R striped bass use other watersheds, therefore decreasing 
competition for the spawning population and lending to a higher percentage of fish mature by 
age-4 and a smaller percentage of age-3 fish (15.4%) mature.    
Current harvest regulations for striped bass caught in the Albemarle Sound and the 
Roanoke River are appropriate.  Preserving a diverse age composition with large females in the 
population is critical for sustaining the A/R striped bass stock.  Currently, Total Allowable Catch 
(TAC) for the A/R stock is 550,000 lbs with equal amounts divided between the recreational and 
commercial fisheries.  Recreational regulations include a minimum size limit of 457 mm TL (18 
in) with a protective slot limit on the Roanoke River during spawning season of 559 to 685 mm 
TL (22 to 27 in) with two fish allowed per day, only one being allowed over the 685 mm slot 
limit on the Roanoke River.   
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Commercial harvest of A/R striped bass also has an 18 in TL minimum size limit, is 
prosecuted as a bycatch fishery, has daily landing limits and dealer reporting requirements, and 
an annual TAC of 275,000 lbs (NCDENR 2011).   By operating as a bycatch fishery, striped bass 
cannot exceed 50% by weight of the combined daily harvest (NCDENR 2011).  The TAC was 
increased in 2003, but has not been met in the last four years (NCDENR 2011).   
The results of this study indicate that fish are 96.8% mature at 475 mm TL meaning that 
the current regulations allow fish to spawn at least once before being harvested.  Many current 
regulations for various species use length-at-maturity, when deciding on harvest regulations 
instead of using age-at-maturity, because the size range of an age class can be largely variable.  
Currently, age-4 striped bass are considered mature and their sizes range from 370 mm to 586 
mm TL, which could encompass some age-3 fish that range from 360 mm to 478 mm TL.  A 
commonly used management tool is L50, which uses a logistic regression to determine the exact 
length-at 50% maturity.  Using this method, female striped bass from the A/R stock were 
determined to be 50% mature at 415 mm TL (16.4 in) making the minimum size limit (457 mm) 
currently in place 30 mm (1.2 in) larger than needed.  To ensure that all fish that enter the 
spawning population spawn at least once, a length of 457 mm TL is still recommended for the 
minimum size limit, but the slot limit could be adjusted for the recreational fishery to allow 
anglers to keep 660 mm (26 in) fish.  No change in TAC is recommended for the commercial 
fishery owing to the underage in quota for the last four years. 
Strontium, as a salinity indicator, may not be a good element by itself for striped bass in 
North Carolina.  Because striped bass can inhabit multiple watersheds within North Carolina that 
vary in salinity, using 
88
Sr as an indicator of salinity by itself may be inaccurate.  It is also 
unclear if 
88
Sr can differentiate between fish spawning annually or fish that are skip spawning, 
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because of the discrepancies in the elemental data for the A/R striped bass stock.  Different 
methods for determining skip spawning in the population are recommended, including 
histological sections of the ovary.  Rideout et al. (2005) and Lowerre-Babrieri et al. (2011b) 
explain that once a fish is mature, failure to spawn can be distinguished histologically by high 
rates of atresia prior to the spawning period at any developmental stage and a lack of ovarian 
development (Vtg1-3 oocytes).  Other histological indicators of skip spawning include the 
presence of POFs without any other secondary growth oocytes (CA, Vtg1-3) present in the ovary 
during the spawning season (Rideout et al. 2005; Saborido-Rey et al. 2010; Rideout and 
Tomkiewicz 2011; Lowerre-Babrieri et al. 2011b). 
Otoliths were considered the better structure for age determination of striped bass, but 
discrepancies between structures (scales and otoliths) need to be addressed in further detail.  
Although it is known that scales underestimate older fish (>8 yrs), the new evidence for 
overestimation of age-2 fish is a concern.  Fish age<4 had otoliths that were readable whole, 
which would save time and money in otolith preparation in future studies.  Further, a Hillquist 
high speed thin sectioning machine was used for otolith preparation, a method not documented in 
the literature for striped bass otoliths.  Most studies use a low speed Isomet saw, which takes 
considerably more time per otolith and is far less efficient than the Hillquist machine.  Studies 
comparing otolith sections using an Isomet saw and a Hillquist machine, comparing in greater 
detail scale age vs. otolith age, and comparing whole otolith ageing to otolith sections are 
recommended. 
  
TABLES  
 
Table 1.  Microscopic definitions of the female reproductive cycle as described by Brown-Peterson et al. (2011) 
and used as methodologies and terminology when describing striped bass maturity in the present study. 
Phase Microscopic 
Immature 
Only oogonia and PG oocytes present.  No atresia or muscle bundles.  Thin ovarian 
wall and little space between oocytes. 
Developing 
PG, CA, Vtg1, and Vtg 2 oocytes present.  No evidence of POFs or Vtg 3 oocytes.  
Some atresia can be present. 
Spawning Capable 
Vtg 3 oocytes present.  Atresia of vitellogenic and/or hydrated oocytes may be 
present.  Early stages of OM can be present. 
Actively Spawning  Oocytes undergoing late GVM, GVBD, hydration or ovulation. 
Regressing  Atresia and POFs present.  Some CA and/or vitellogenic oocytes present. 
Regenerating  
Muscle bundles, enlarged blood vessles, thick ovarian wall, and/or gamma/delta 
atresia or old, degenerating POFs may be present. 
primary growth (PG), vitellogenic oocytes (Vtg 1=phase 1, Vtg 2=phase 2, Vtg 3=phase 3), POF (Postovulatory 
follicle), OM (oocyte maturation), GVM (germinal vesicle migration), GVBD (germinal vesicle breakdown) 
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Table 2.  Comparison of the procedures and criteria of the present study to those used by Olsen and Rulifson 
(1992) to determine maturity of the Albemarle/Roanoke striped bass stock. 
Procedure Olsen (1992) Present study 
Fixative Bouin's solution 10% buffered formalin 
Stain Hematoxylin and eosin Hematoxylin and eosin 
Method of observation 
Microscope slide projector with a 
digitizing tablet 
Microscope and digitizing software 
(Image-Pro Plus 5.1)  
Number of oocytes 
measured  
100 100 
Criteria for maturation 
  
Minimum oocyte diameter 0.15, 0.16, 0.216 mm All listed diameters 
Other characteristics 
Secondary growth characteristics:         
Cortical alveoli, vitellogenin, 
Opaquely speckled yolk, Two size 
classes 
Secondary growth characteristics/ 
Maturity staging scheme as per Brown-
Peterson et al. (2011) 
Minimum number of ova 
meeting criteria 
20% of oocytes 1 
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Table 3.  Mean, standard error, and range by age for total length (TL mm) (a), fork length (FL mm) 
(b), and weight (kg) (c) of female striped bass sampled (n=215) from the Albemarle Sound 
(Independent Gill Net Survey) from 2009-2010. 
  
  
2009 
 
2010 
 
Age N Mean SE Range   N Mean SE Range 
TL 2 24 345 7.53 300-490 
 
49 349 3.07 305-417 
 
3 16 421 6.52 360-460 
 
29 427 4.78 368-478 
 
4 45 464 3.69 420-524 
 
11 466 13.06 370-526 
 
5 10 510 13.28 452-611 
 
23 537 12.18 459-710 
 
6 0 
    
4 569 22.05 525-616 
 
7 0 
        
 
8 0 
        
 
9 3 664 23.18 636-710 
     
 
10-14 0 
        
 
15 1 1043 0 0           
 
FL 2 24 323 7.10 280-460 
 
49 324 2.55 284-358 
 
3 16 394 5.47 350-428 
 
29 398 4.54 345-446 
 
4 45 434 3.47 394-489 
 
11 437 12.73 341-495 
 
5 10 477 12.57 424-575 
 
23 503 11.81 429-670 
 
6 0 
    
4 534 21.68 496-585 
 
7 0 
        
 
8 0 
        
 
9 3 626 21.87 595-668 
     
 
10-14 0 
        
 
15 1 991 0 0           
 
Weight 
 
2 24 0.43 0.04 0.25-1.27 
 
49 0.44 0.01 0.28-0.59 
 
3 16 0.77 0.03 0.55-1 
 
29 0.81 0.03 0.54-1.20 
 
4 45 1.09 0.04 0.71-2.55 
 
11 1.19 0.11 0.51-1.78 
 
5 10 1.44 0.12 1.08-2.37 
 
23 1.9 0.17 1.05-4.32 
 
6 0 
    
4 2.18 0.21 1.78-2.65 
 
7 0 
        
 
8 0 
        
 
9 3 3.42 0.28 2.87-3.81 
     
 
10-14 0 
        
 
15 1 11.25 0 0           
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Table 4.  Mean, standard error, and range by age for total length (TL mm) (a), fork length (FL mm) (b), and 
weight (kg) (c) of female striped bass sampled (n=205) from the Roanoke River (Electroshocking Survey) in 
Weldon, NC from 2009-2010. 
 
  
2009 
 
2010 
 
Age N Mean SE Range   N Mean SE Range 
TL 2 10 368 10.46 321-420 
 
12 392 6.99 356-474 
 
3 6 409 10.48 376-449 
 
11 448 9.88 427-471 
 
4 51 483 5.34 421-586 
 
20 489 8.62 372-552 
 
5 16 549 11.15 480-661 
 
22 562 11.09 493-649 
 
6 1 630 0 0 
 
9 652 31.05 566-802 
 
7 5 618 20.93 586-700 
 
0 
   
 
8 4 741 35.46 680-821 
 
2 638 5.50 632-643 
 
9 12 707 35.59 596-923 
 
4 687 18.57 654-740 
 
10 0 
    
10 795 35.23 611-939 
 
11 2 823 137.00 686-960 
 
1 875 0 0 
 
12 0 
    
1 861 0 0 
 
13 3 982 34.56 944-1051 
 
1 1070 0 0 
 
14 0 
    
1 954 0 0 
 
16 0         1 1080 0 0 
 
FL 2 10 345 9.96 300-395 
 
12 365 8.64 328-448 
 
3 6 380 10.91 345-420 
 
11 420 3.82 400-442 
 
4 51 453 5.06 395-554 
 
19 448 8.36 334-503 
 
5 16 515 10.77 450-620 
 
22 526 10.45 464-606 
 
6 1 594 0 0 
 
8 614 33.88 533-762 
 
7 5 582 19.57 555-659 
 
0 
   
 
8 4 701 34.93 636-780 
 
2 602 8.00 594-610 
 
9 12 668 33.85 564-871 
 
2 635 4.50 630-639 
 
10 0 
    
8 740 38.02 577-882 
 
11 2 778 132.50 645-910 
 
1 820 0 0 
 
12 0 
    
1 828 0 0 
 
13 3 928 35.38 890-999 
 
1 990 0 0 
 
14 0 
    
1 896 0 0 
 
16 0         1 1019 0 0 
 
Weight 2 10 0.33 0.04 0.33-0.76 
 
12 0.62 0.04 0.4-1.1 
 
3 6 0.49 0.06 0.49-0.86 
 
11 0.94 0.04 0.8-1.1 
 
4 51 0.78 0.05 0.78-2.3 
 
20 1.26 0.06 0.9-2.0 
 
5 16 0.87 0.14 0.87-3.1 
 
22 2.10 0.18 1.1-4.64 
 
6 1 2.95 0 0 
 
9 3.48 0.58 1.8-6.4 
 
7 5 1.96 0.30 1.96-3.8 
 
0 
   
 
8 4 3.71 0.79 3.71-6.9 
 
2 3.05 0.05 3-3.1 
 
9 12 2.52 0.59 2.52-8.8 
 
4 3.30 0.84 1.2-5.3 
 
10 0 
    
10 6.12 0.75 2.7-10.1 
 
11 2 3.51 2.85 3.51-9.2 
 
1 7.40 0 0 
 
12 0 
    
1 7.50 0 0 
 
13 3 10.25 1.87 10.25-16.2 
 
1 15.7 0 0 
 
14 0 
    
1 11.00 0 0 
 
16 0         1 16.8 0 0 
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Table 5.  Age composition of female striped bass sampled from 2009-2010 from the Albemarle Sound and Roanoke River (n=436). 
 
Roanoke River 
 
Albemarle Sound 
 
Albemarle Sound/Roanoke River 
 
2009 2010   2009 2010   2009-2010 
Age   N Percent N Percent   N Percent N Percent   N Percent 
2 10 9.01 22 20.18 
 
24 24.20 49 41.88 
 
105 24.08 
3 6 5.41 14 12.84 
 
16 16.20 30 25.64 
 
66 15.14 
4 51 45.95 20 18.35 
 
45 45.50 11 9.40 
 
127 29.13 
5 16 14.41 23 21.10 
 
10 10.10 23 19.66 
 
72 16.51 
6 1 0.90 9 8.26 
 
0 
 
4 3.42 
 
14 3.21 
7 5 4.50 
   
0 
 
0 
  
5 1.15 
8 4 3.60 2 1.83 
 
0 
 
0 
  
6 1.38 
9 12 10.81 4 3.67 
 
3 3.00 0 
  
19 4.36 
10 0 
 
10 9.17 
 
0 
 
0 
  
10 2.29 
11 2 1.80 1 0.92 
 
0 
 
0 
  
3 0.69 
12 0 
 
1 0.92 
 
0 
 
0 
  
1 0.23 
13 3 2.70 1 0.92 
 
0 
 
0 
  
4 0.92 
14 0 
 
1 0.92 
 
0 
 
0 
  
1 0.23 
15 0 
    
1 1.00 0 
  
1 0.23 
16 0   1 0.92   0   0     1 0.23 
Total 110   109     99   117     435   
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Table 6.  Age composition of female striped bass sampled by NCDMF and NCWRC (n=1,331) in 
March through May, from 2009-2010. 
 
NCWRC 
 
NCDMF 
 
2009 2010   2009 2010 
Age   N Percent N Percent   N Percent N Percent 
1 
       
1 0.10 
2 1 0.10 
   
64 12.96 60 29.30 
3 239 22.89 103 20.50 
 
48 13.57 43 5.30 
4 210 20.11 278 55.40 
 
28 5.56 23 1.80 
5 51 4.89 109 21.7 
 
9 0.81 27 2.00 
6 7 0.67 11 2.20 
 
3 0.25 4 0.30 
7 0 0 0 0 
 
2 0.17 1 0.10 
8 0 0 1 0.20 
 
1 0.08 2 0.10 
9 2 0.19 0 0 
 
1 0.08 1 0.10 
10 0 
    
0 
   11 0 
    
0 
   12 0 
    
0 
   13 0 
    
0 
   14 0 
    
1 0.08 
  15 0 
    
0 
   16 0         0       
Total 510   502     157   162   
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Table 7.  Results of analysis of variance (ANOVA) defining the relationships among Age (yrs), total length (TL mm), fork 
length (FL mm), and weight (g) for the Albemarle/Roanoke striped bass stock. 
Variables 
     
Independent  Dependent N r
2
 Intercept Slope SE of slope 
Age TL 436 0.86 261.435 53.444 1.023 
Age FL 415 0.86 240.811 50.891 0.998 
Age Weight 433 0.74 -1,576.305 764.036 21.360 
TL FL 415 0.99 -6.870 0.949 0.003 
TL Weight 432 0.84 -5,209.059 14.088 0.295 
FL Weight 415 0.84 -5,136.831 14.887 0.318 
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Table 8.  Age-length key (total length (TL), mm) for the Albemarle/Roanoke striped bass stock from 2009-2010 (n=405). 
Total Length (TL) 
 
Age  
Size class (25 mm) N 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
300 9 100.0 
              325 32 100.0 
              350 36 88.9 5.6 5.6 
            375 16 62.5 37.5 
             400 24 20.8 62.5 16.7 
            425 41 
 
51.2 48.8 
            450 48 
 
27.1 68.8 4.2 
           475 48 2.1 2.1 79.2 16.7 
           500 37 
  
48.7 51.4 
           525 25 
  
28.0 64.0 8.0 
          550 11 
  
27.3 54.6 18.2 
          575 13 
  
7.7 38.5 23.1 23.1 
 
7.7 
       600 14 
   
50.0 14.3 7.1 
 
21.3 7.1 
      625 10 
   
20.0 10.0 
 
20.0 50.0 
       650 5 
   
20.0 40.0 
  
40.0 
       675 6 
      
33.3 33.3 16.7 16.7 
     700 4 
   
25.0 
 
25.0 
 
25.0 25.0 
      725 2 
       
50.0 50.0 
      775 4 
      
25.0 25.0 50.0 
      800 3 
    
66.7 
 
33.3 
        850 1 
          
100.0 
    875 5 
       
40.0 40.0 20.0 
     900 2 
       
50.0 50.0 
      925 2 
        
50.0 
  
50.0 
   950 3 
         
33.3 
 
33.3 33.3 
  1025 1 
             
100.0 
 1050 2 
           
100.0 
   1075 1                             100.0 
Total 405 89 58 126 67 14 5 6 19 10 3 1 4 1 1 1 
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Table 9.  Percent age-at-maturity for female striped bass (n=405) from the Albemarle/Roanoke stock with total mature including all stages except immature 
(n=275) and total spawning including all stages except immature and developing (n=248). 
 
Age 
Maturity Stage 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Immature 98.8 73.2 3.2 
            
Developing 
 
12.5 13.6 4.5 
           
Spawning Capable 
 
10.7 65.6 68.7 35.7 40.0 33.3 16.7 10.0 
      
Actively Spawning 
 
3.6 8.0 17.9 50.0 20.0 66.7 50.0 70.0 66.7 
 
100.0 100.0 
 
100.0 
Regressing 
  
8.8 9.0 14.3 40.0 
 
22.2 20.0 33.3 100.0 
  
100.0 
 
Regenerating     0.8         11.1               
Total Sample 86 56 125 67 14 5 6 18 10 3 1 4 1 1 1 
Total Mature 0 28.6 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Total Spawning 0 16.1 83.2 95.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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Table 10.  Mean oocyte diameters (µm) from all striped bass in the developing stage of maturity 
(n=29). 
Age Measured Mean SE Min Max 
3 86 154.49 3.97 104.11 277.51 
3 111 120.44 6.88 49.99 257.70 
3 110 197.56 2.19 121.10 336.14 
3 54 188.72 2.68 134.46 340.44 
3 102 140.99 2.27 106.08 195.54 
3 78 144.76 3.07 100.19 196.95 
3 101 156.96 5.88 122.11 209.01 
4 97 196.91 4.31 34.07 601.93 
4 89 174.37 4.72 112.58 293.99 
4 82 222.57 6.32 151.29 305.47 
4 52 309.32 4.31 130.15 365.89 
4 51 183.57 5.58 135.81 226.70 
4 53 228.81 5.13 127.56 285.13 
4 72 186.56 4.32 119.92 286.23 
4 105 285.39 5.61 170.20 387.93 
4 51 381.35 5.74 308.80 457.93 
4 76 224.35 5.89 145.03 312.37 
4 78 231.97 4.42 147.17 301.59 
4 88 281.69 7.67 200.60 339.11 
4 50 286.64 7.23 178.45 354.19 
4 81 313.16 4.61 186.63 439.10 
4 94 280.19 4.46 176.22 358.31 
4 95 292.02 2.84 190.07 369.66 
4 139 184.01 8.69 115.68 246.51 
5 52 288.49 5.38 215.51 364.15 
5 50 285.24 9.46 186.61 376.62 
5 50 334.02 8.69 184.92 398.21 
10 105 653.77 10.44 434.74 849.21 
14 29 675.16 16.48 504.99 771.56 
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Table 11.  Fecundity estimated gravimetrically and using linear regressions estimating fecundity by age (yrs), weight (g), total 
length (TL mm), fork length (FL mm), and TL from FL regression (Olsen and Rulifson 1992). 
  
Gravimetric 
fecundity 
Fecundity 
estimated by age 
Fecundity 
estimated by 
weight 
Fecundity 
estimated by 
TL 
Fecundity 
estimated by 
FL 
Fecundity estimated by TL 
from FL regression (Olsen 
and Rulifson 1992) Age N 
3 4 176,873 52,705 205,606 101,901 101,486 176,873 
4 38 231,122 216,292 262,849 216,219 215,657 241,134 
5 22 310,942 379,880 368,166 390,935 397,950 296,417 
6 2 381,998 543,468 364,553 414,200 419,747 381,998 
7 0 
      8 3 1,296,463 870,643 1,055,734 1,296,175 1,354,706 1,296,463 
9 3 854,930 1,034,231 639,701 887,439 912,270 854,930 
10 4 1,207,771 1,197,818 1,275,792 1,520,660 1,450,706 1,104,918 
11 1 1,570,737 1,391,996 1,370,618 1,730,456 1,763,750 1,570,737 
12 0 
      13 2 2,833,090 2,423,346 2,914,937 2,441,272 2,492,100 2,833,090 
14 0 
      15 0 
      16 1 3,163,130 3,556,701 3,068,466 2,515,994 2,594,361 3,163,130 
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Table 12.  Mean, standard error, minimum, and maximum values for condition 
factors Wr (a), LSI (b), GSI (c), and K (d) for Albemarle/Roanoke striped bass from 
2009 through 2010. 
a) 
 
Relative weight (Wr) 
  
2009 
 
2010 
  
MAR APR MAY   MAR APR MAY 
 
N 44 79 87 
 
53 86 86 
 
Mean 85.20 90.44 86.01 
 
93.15 89.13 81.8 
 
SE 0.78 1.00 1.17 
 
1.00 2.46 1.94 
 
Min 74.69 41.77 69.72 
 
79.01 56.60 0 
 
Max 98.83 111.57 142.40   119.75 279.44 172.10 
b) 
 
Liversomatic index (LSI) 
  
2009 
 
2010 
  
MAR APR MAY   MAR APR MAY 
 
N 44 79 87 
 
50 84 75 
 
Mean 1.48 1.44 1.26 
 
2.19 1.55 1.40 
 
SE 0.05 0.05 0.05 
 
0.09 0.04 0.09 
 
Min 0.84 0.22 0.12 
 
1.08 0.58 0.67 
 
Max 2.37 3.52 3.66   4.15 2.63 7.19 
c) 
 
Gonadosomatic index (GSI) 
  
2009 
 
2010 
  
MAR APR MAY   MAR APR MAY 
 
N 44 79 82 
 
50 82 75 
 
Mean 1.65 8.54 5.95 
 
1.66 6.83 5.76 
 
SE 0.23 2.34 0.59 
 
0.25 0.58 0.85 
 
Min 0.20 0.26 0.14 
 
0.26 0.28 0.07 
 
Max 6.44 187 19.13   6.41 18.39 40.87 
d) 
 
Fulton's condition factor (K) 
  
2009 
 
2010 
  
MAR APR MAY   MAR APR MAY 
 
N 44 79 87 
 
53 86 85 
 
Mean 1.06 1.13 1.07 
 
1.16 1.11 1.03 
 
SE 0.01 0.01 0.01 
 
0.01 0.03 0.02 
 
Min 0.93 0.52 0.87 
 
0.98 0.70 0.40 
 
Max 1.23 1.40 1.77   1.49 3.48 2.14 
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Table 13.  Maturation criteria and percent mature by age comparison of Olsen and Rulifson (1992) using percent of 
minimum, mean oocyte diameter compared to current study using secondary growth characteristics.  Current percentages 
based only on fish determined to be developing. 
 
Maturation Criteria 
 
10% 
 
20% 
 
30% 
 
40% 
 
Secondary Growth 
Age Olsen Current   Olsen Current   Olsen Current   Olsen Current   Current 
3 48.0 19.3 
 
44.0 17.9 
 
37.0 9.0 
 
22.0 9.0 
 
28.6 
4 94.0 96.8 
 
92.9 96.8 
 
92.0 96.8 
 
67.0 96.8 
 
96.8 
5 95.0 100.0 
 
95.0 100.0 
 
92.0 100.0 
 
71.0 100.0 
 
100.0 
6 100.0 100.0   100.0 100.0   100 100.0   76.0 100.0   100.0 
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Table 14.   Percent of mature oocytes per fish (n=29) determined to be developing using oocyte diameter 
criterion from Merriman (1941), Lewis (1962), Specker et al. (1987) and Olsen and Rulifson (1992) for striped 
bass.  
  
Oocyte diameter criterion 
  
Merriman (1941) Lewis (1962)  Specker et al. (1987) Olsen and Rulifson (1992) 
Age Measured 0.15 mm (%) 0.16 mm (%) 0.216 mm (%) 0.175 mm (%) 
3 86 47 26 5 13 
3 111 11 8 3 5 
3 110 78 66 33 56 
3 54 87 66 22 48 
3 102 25 11 0 5 
3 78 45 17 0 5 
3 101 63 44 0 13 
4 97 96 92 10 89 
4 89 71 57 18 40 
4 82 100 95 56 84 
4 52 98 98 94 98 
4 51 92 88 6 63 
4 53 98 98 68 92 
4 72 83 68 22 49 
4 105 100 100 96 99 
4 51 100 100 100 100 
4 76 97 92 46 83 
4 78 96 95 62 83 
4 88 100 100 98 100 
4 50 100 100 86 100 
4 81 100 100 89 100 
4 94 100 100 94 100 
4 95 100 100 95 100 
4 139 83 74 16 60 
5 52 100 100 98 100 
5 50 100 100 88 100 
5 50 100 100 96 100 
10 105 100 100 100 100 
14 29 100 100 100 100 
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Table 15.  Comparison of fecundity estimated gravimetrically (n=80) and using linear regressions estimating fecundity by age (yrs), weight (g), total length (TL mm), fork 
length (FL mm), and TL from FL regression (Olsen and Rulifson 1992) from current study and from Olsen and Rulifson (1992). 
  
Current 
 
Olsen and Rulifson (1992) 
Age N 
Gravimetric 
fecundity 
Fecundity 
estimated by 
age 
Fecundity 
estimated by 
weight 
Fecundity 
estimated by TL 
from FL regression 
(Olsen and 
Rulifson 1992)   N 
Gravimetric 
fecundity 
Fecundity 
estimated by 
age 
Fecundity 
estimated by 
weight 
Fecundity 
estimated by FL  
3 4 176,873 52,705 205,606 176,873 
 
13 180,929 195,588 245,212 211,007 
4 38 231,122 216,292 262,849 241,134 
 
15 413,440 364,532 412,984 416,920 
5 22 310,942 379,880 368,166 296,417 
 
15 509,817 533,477 494,768 511,302 
6 2 381,998 543,468 364,553 381,998 
 
10 693,130 702,422 612,693 620,232 
7 0 
     
3 1,184,410 871,366 901,087 931,840 
8 3 1,296,463 870,643 1,055,734 1,296,463 
 
3 1,018,675 1,040,311 1,164,059 1,138,416 
9 3 854,930 1,034,231 639,701 854,930 
 
0 
    
10 4 1,207,771 1,197,818 1,275,792 1,104,918 
 
1 2,158,868 1,378,200 1,830,527 1,464,718 
11 1 1,570,737 1,391,996 1,370,618 1,570,737 
 
0 
    
12 0 
     
0 
    
13 2 2,833,090 2,423,346 2,914,937 2,833,090 
 
0 
    
14 0 
     
0 
    
15 0 
     
0 
    
16 1 3,163,130 3,556,701 3,068,466 3,163,130   1 4,938,991 2,391,869 4,424,102 2,778,514 
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Table 16.  Characterizing levels of 
88
Sr for the focus (low, 
medium, or high), Age 0-1 fish (constant, sprinter, or stager), 
mature fish (resident vs migratory), and from the anadromous fish 
the characteristics from the first year of life (Age 0-1) for female 
striped bass (n=288) from 2009 to 2010. 
Focus All ages (2-16 yrs) N % 
 
Low (<2000 ppm) 62 21.53 
 
Medium (2000-3000 ppm) 30 10.42 
 
High (> 3000 ppm) 196 68.06 
 
Total 288 100 
    First Year Age 0-1     
 
Constant (within a 1000 ppm level) 122 42.36 
 
Sprinter (>4000 ppm) 82 28.47 
 
Stager (various levels) 84 29.17 
 
Total 288 100 
    Resident vs 
Anadromous  
   
Age > 3 
  
 
Resident (<4000 ppm) 224 77.43 
 
Anadromous (>4000 ppm) 64 22.22 
 
Total 288 100 
    Anadromous       
 
Constant 28 43.75 
 
Sprinter 24 37.50 
 
Stager 12 18.75 
 
Total 64 100 
    Resident       
 
Constant 95 42.15 
 
Sprinter 57 25.56 
 
Stager 72 32.29 
 
Total 224 100 
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Table 17.  The actual number of samples collected and the goal for samples from each year, location (Albemarle Sound (AS) or Roanoke River (RR)), and size 
class (mm) using an age-length key. 
  
March 
 
April 
 
May 
  
2009   2010 
 
2009   2010 
 
2009   2010 
  
Goal Actual 
 
Goal Actual 
 
Goal Actual 
 
Goal Actual 
 
Goal Actual 
 
Goal Actual 
Size Class  Age   AS  AS    AS  AS    AS  RR  AS  RR    AS  RR  AS  RR    AS  RR  AS  RR  
 
AS  RR  AS  RR  
300-399  2 10 10 
 
10 30 
 
10 18 5 3 
 
10 18 22 5 
 
10 18 13 8 
 
10 18 13 6 
400-474  2,3,4  10 23 
 
10 12 
 
10 15 10 14 
 
10 15 10 12 
 
10 15 10 15 
 
10 15 10 7 
475-524  4 10 10 
 
10 7 
 
10 10 5 16 
 
10 10 7 10 
 
10 10 10 12 
 
10 10 6 6 
525-574  5 10 1 
 
10 8 
 
10 6 0 11 
 
10 6 3 5 
 
10 6 2 4 
 
10 6 2 6 
575-649  5,6  10 0 
 
10 3 
 
10 6 0 8 
 
10 6 0 8 
 
10 6 2 7 
 
10 6 0 9 
650-749  6,7,8  10 0 
 
10 1 
 
10 8 0 2 
 
10 8 0 2 
 
10 8 1 5 
 
10 8 1 5 
750-799  8+  0 0 
 
0 0 
 
0 1 0 0 
 
0 1 0 1 
 
0 1 0 2 
 
0 1 0 0 
800-849  8+  0 0 
 
0 0 
 
0 1 0 1 
 
0 1 0 2 
 
0 1 0 1 
 
0 1 0 0 
850-899  8+  0 0 
 
0 0 
 
0 1 0 0 
 
0 1 0 2 
 
0 1 0 1 
 
0 1 0 2 
900-949  8+  0 0 
 
0 0 
 
0 1 0 2 
 
0 1 0 1 
 
0 1 0 0 
 
0 1 0 0 
950-999  8+  0 0 
 
0 0 
 
0 1 0 0 
 
0 1 0 2 
 
0 1 0 2 
 
0 1 0 0 
1000+  8+  0 0   0 0   0 1 0 1   0 1 0 1   0 0 1 0 
 
0 0 0 1 
Total     60 44 
 
60 61 
 
60 69 20 58 
 
60 69 42 51 
 
60 69 39 57 
 
60 69 32 42 
  
FIGURES 
 
 
 
Figure 1.  A map of the Roanoke River showing linear miles from the mouth of the river in the Albemarle Sound to the major 
spawning grounds in Weldon, NC. 
66 
 
 
 
Figure 2.  Striped bass in the immature phase have only primary growth (PG) oocytes, thin 
ovarian wall, and do not enter the reproductive cycle. 
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Figure 3.  Striped bass in the developing phase have primary growth (PG) oocytes and show 
signs of secondary oocyte growth (cortical alveoli (CA) and first stage vitellogenic 
(Vtg 1) oocytes). 
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Figure 4.  Striped bass in the spawning capable phase have primary growth (PG) oocytes, 
advanced vitellogenic (Vtg 3) oocytes, atresia (A) and should spawn in the imminent 
season. 
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Figure 5.  Striped bass in the actively spawning phase have primary growth (PG) oocytes, late 
germinal vesicle migration (GVM), germinal vesicle breakdown (GVBD), and 
hydration. 
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Figure 6.  Striped bass in the regressing phase marks the end of the reproductive cycle and 
contains primary growth (PG) oocytes, atresia (A), post ovulatory follicles (POFs), 
and few late vitellogenic oocytes (germinal vesicle break down (GVBD)). 
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Figure 7.  Striped bass in the regenerating stage are characterized by a thick ovarian wall, 
primary growth (PG) oocytes, muscle bundles, and some atresia. 
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Figure 8.  A map of the Albemarle Sound Management Area (ASMA). 
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Figure 9.  A map of the western Albemarle Sound where the Independent Gill Net Survey (IGNS) is completed using stratified 
random sampling with square mile quadrants (NCDMF 2004). 
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Figure 10.  Striped bass samples (n=439) by sample area (IGNS=Albemarle Sound; Weldon=Roanoke River) per month from 2009 
and 2010. 
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Figure 11.  Percent frequency of striped bass lengths (n=216) from 25 mm total length (TL) size classes sampled on the Roanoke 
River near Weldon, NC in 2009 and 2010. 
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Figure 12.  Percent frequency of striped bass lengths (n=237) from 25 mm total length (TL) size classes sampled in the Albemarle 
Sound (IGNS) in 2009 and 2010. 
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Figure 13.  Percent frequency of striped bass lengths (n=233) from 25 mm total length (TL) size classes sampled in the Albemarle 
Sound (IGNS) and the Roanoke River (Weldon) in 2010. 
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Figure 14.  Percent frequency of striped bass lengths (n=204) from 25 mm total length (TL) size classes sampled in the Albemarle 
Sound (IGNS) and the Roanoke River (Weldon) in 2009. 
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Figure 15.  Scale age plotted against otolith age (n=320) to compare age determinations from 
each ageing structure. 
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Figure 16.  Predicted length-at-age using a von Bertalanffy growth model fitted with striped bass 
data (n=436) from 2009 and 2010. 
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Figure 17.  Weight-Length growth model using striped bass data (n=434) from 2009 and 2010. 
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Figure 18.  Age at 50% maturity estimated using a logistic regression model for striped bass 
sampled (n=397) in 2009 and 2010 from the Roanoke River and the Albemarle 
Sound. 
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Figure 19.  Length at 50% maturity estimated using a logistic regression model for striped bass 
sampled (n=391) in 2009 and 2010 from the Roanoke River and the Albemarle Sound 
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Figure 20.  Total number of eggs by age counted gravimetrically from striped bass (n=80) from 
2009 and 2010. 
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Figure 21.  Mean eggs per gram of ovarian tissue counted gravimetrically for 80 striped bass by 
age from 2009 and 2010. 
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Figure 22.  Mean gonadosomatic index (GSI) values per month by year from striped bass 
collected from 2009 and 2010. 
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Figure 23.  Mean liversomatic index (LSI) values per month by year from striped bass collected 
from 2009 and 2010. 
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Figure 24.  Mean Fulton’s condition factor (K) values per month by year from striped bass 
collected from 2009 and 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.9 
1.0 
1.0 
1.1 
1.1 
1.2 
1.2 
1.3 
2009 2010 
K
 V
a
lu
es
 
Year 
K March 
K April 
K May 
89 
 
 
 
Figure 25.  Mean relative weight (Wr) values per month by year from striped bass collected from 
2009 and 2010. 
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Figure 26.  Striped bass fecundity estimated gravimetrically from 2009 and 2010 data and 
compared to Olsen and Rulifson (1992). 
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Figure 27.  Striped bass fecundity estimated by age (yrs) using a linear regression from 2009 and 
2010 data and compared to Olsen and Rulifson (1992). 
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Figure 28.  Striped bass fecundity estimated by weight (g) using a linear regression from 2009 
and 2010 data and compared to Olsen and Rulifson (1992). 
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Figure 29.  Striped bass fecundity estimated by fork length (FL mm) using a linear regression 
from 2009 and 2010 data and compared to Olsen and Rulifson (1992). 
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Figure 30.  Striped bass fecundity estimated by total length (TL mm) using a linear regression 
from 2009 and 2010 data and compared to Olsen and Rulifson (1992) using FL 
regression data to estimate TL. 
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Figure 31.  Strontium levels (ppm) indicative of an anadromous striped bass with low levels of 
88
Sr at the focus and showing sprinting age 0-1 characteristics plotted with the focus 
(nucleus) and age (yrs) as determined by annuli measurements. 
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Figure 32.  Strontium levels (ppm) indicative of an anadromous striped bass with medium levels 
of 
88
Sr at the focus and showing staging age 0-1 characteristics plotted with the focus 
(nucleus) and age (yrs) as determined by annuli measurements. 
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Figure 33.  Strontium levels (ppm) indicative of a resident striped bass with high levels of 
88
Sr at 
the focus and showing staging age 0-1 characteristics plotted with the focus (nucleus) 
and age (yrs) as determined by annuli measurements. 
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Figure 34.  Strontium levels (ppm) indicative of an anadromous striped bass that becomes 
resident with high levels of 
88
Sr at the focus and showing constant age 0-1 
characteristics plotted with the focus (nucleus) and age (yrs) as determined by annuli 
measurements. 
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Figure 35.  Individual relative weight (Wr) and Fulton’s condition factor (K) values for striped 
bass collected from 2009 and 2010. 
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APPENDIX A.  RAW DATA FROM COLLECTIONS OF STRIPED BASS FROM 2009 THROUGH 2010 FROM THE ALBEMARLE SOUND (IGNS) AND 
THE ROANOKE RIVER (WELD). 
FISH AGE  DATA_SET YEAR MONTH DATE 
FL 
mm 
TL 
mm 
WEIGHT 
kg 
LIVER 
g 
GONAD 
g 
SEX FAT GUT 
09-1 7 WELD 2009 APR 090413 564 596 2.57 43 210.9 2 2 e 
09-10 4 WELD 2009 APR 090413 518 551 2.05 34.9 164.2 2 2 e 
09-100 4 WELD 2009 MAY 090504 467 496 1.6 22.2 188.5 2 2 e 
09-101 4 WELD 2009 MAY 090504 446 475 1.07 10.6 73.2 2 1 e 
09-102 2 WELD 2009 MAY 090504 328 346 0.43 4.3 
 
2 1 fp 
09-103 8 WELD 2009 MAY 090504 648 683 3.97 55.8 461 2 2 e 
09-104 9 WELD 2009 MAY 090504 736 775 5.2 82.1 129.8 2 1 e 
09-105 4 WELD 2009 MAY 090504 414 444 0.92 10.7 101.3 2 2 e 
09-106 13 WELD 2009 MAY 090504 896 951 10.25 158.2 1400 2 2 e 
09-107 9 WELD 2009 MAY 090504 589 624 3.51 56.7 525 2 2 
 
09-108 9 WELD 2009 MAY 090504 651 686 4.2 74.9 560 2 2 e 
09-109 11 WELD 2009 MAY 090504 910 960 9.2 138.2 200 2 2 e 
09-11 4 WELD 2009 APR 090413 468 496 1.25 20.5 80 2 2 e 
09-110 7 WELD 2009 MAY 090504 558 596 1.96 23.8 40.9 2 1 e 
09-111 9 WELD 2009 MAY 090504 586 616 2.72 32.6 390 2 2 e 
09-112 7 WELD 2009 MAY 090504 572 611 2.52 41.5 195.5 2 2 e 
09-113 4 WELD 2009 MAY 090504 400 431 0.89 11.1 83 2 2 e 
09-114 8 WELD 2009 MAY 090512 738 781 6.1 76.4 850 2 2 e 
09-115 5 WELD 2009 MAY 090512 620 661 2.85 32.8 46.8 2 2 e 
09-117 3 WELD 2009 MAY 090526 345 376 0.49 2.4 3.4 2 
  
09-12 5 WELD 2009 APR 090413 490 525 1.5 23 131 2 2 e 
09-13 5 WELD 2009 APR 090413 504 535 2.04 40.4 210.7 2 2 e 
09-14 4 WELD 2009 APR 090413 429 460 1 14.6 31.7 2 2 e 
09-15 4 WELD 2009 APR 090413 474 504 1.6 31.2 135.4 2 2 e 
09-16 4 WELD 2009 APR 090413 434 462 1.13 20.1 86.5 2 1 hook 
09-17 2 WELD 2009 APR 090413 349 371 0.56 9.7 2.6 2 1 fp 
09-18 4 WELD 2009 APR 090413 437 469 1.09 18.8 79.7 2 1 e 
09-19 4 WELD 2009 APR 090413 480 510 1.63 32.8 157.8 2 2 e 
09-2 4 WELD 2009 APR 090413 498 530 1.76 23.1 139.9 2 1 e 
09-20 4 WELD 2009 APR 090413 454 478 1.35 22.7 102.4 2 3 e 
09-21 4 WELD 2009 APR 090413 456 488 1.29 21.2 98.5 2 3 e 
09-22 4 WELD 2009 APR 090413 418 442 0.91 13.8 53.2 2 2 e 
09-23 4 WELD 2009 APR 090413 440 469 1.22 17.9 85.7 2 2 e 
09-24 5 WELD 2009 APR 090413 481 510 1.49 20.6 119.7 2 2 e 
09-25 4 WELD 2009 APR 090413 424 451 1.02 12.8 66.5 2 2 e 
09-26 2 WELD 2009 APR 090413 384 410 0.76 11.9 3.6 2 3 e 
09-27 4 WELD 2009 APR 090413 478 510 1.47 19.1 75.5 2 3 e 
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Appendix A.  Cont. 
FISH AGE  DATA_SET YEAR MONTH DATE 
FL 
mm 
TL 
mm 
WEIGHT 
kg 
LIVER 
g 
GONAD    
g 
SEX FAT GUT 
09-28 9 WELD 2009 APR 090421 576 610 2.74 48.5 416.6 2 1 e 
09-29 4 WELD 2009 APR 090421 516 550 1.96 26 192.1 2 1 e 
09-3 4 WELD 2009 APR 090413 484 518 1.55 22.5 135.8 2 1 e 
09-30 4 WELD 2009 APR 090421 448 480 1.2 15.6 77.8 2 1 e 
09-31 4 WELD 2009 APR 090421 400 430 0.9 11.2 86.8 2 1 e 
09-32 5 WELD 2009 APR 090421 590 620 3.1 47.1 400.7 2 1 e 
09-33 4 WELD 2009 APR 090421 406 430 0.92 12.6 45.4 2 2 e 
09-34 4 WELD 2009 APR 090421 400 427 0.82 10.3 57.2 2 2 e 
09-35 9 WELD 2009 APR 090421 588 626 2.91 50.3 330.3 2 2 e 
09-36 4 WELD 2009 APR 090421 404 430 0.89 12.3 78.7 2 2 e 
09-37 3 WELD 2009 APR 090421 390 420 0.85 12.6 72.8 2 2 e 
09-39 5 WELD 2009 APR 090425 510 541 2 33 208 2 2 e 
09-4 5 WELD 2009 APR 090413 518 551 0.87 30.6 201.3 2 2 e 
09-40 4 WELD 2009 APR 090425 500 531 1.8 22 219 2 1 e 
09-41 5 WELD 2009 APR 090425 464 496 1.5 21 187 2 1 e 
09-42 4 WELD 2009 APR 090425 510 540 1.8 22 97 2 2 e 
09-43 5 WELD 2009 APR 090425 508 542 1.8 24 177 2 2 e 
09-44 4 WELD 2009 APR 090425 490 519 1.4 14 122 2 1 
gizzard 
shad 
09-45 5 WELD 2009 APR 090425 481 518 1.7 21 146 2 1 shad 
09-46 4 WELD 2009 APR 090425 470 501 1.6 21 138 2 2 stm 
09-47 4 WELD 2009 APR 090425 460 492 1.4 12 129 2 2 
ashad, 
gshad 
09-48 13 WELD 2009 APR 090427 999 1051 16.2 325.6 2040 2 2 e 
09-49 8 WELD 2009 APR 090427 780 821 6.9 131.8 670.4 2 2 e 
09-5 5 WELD 2009 APR 090413 450 480 1.32 22.2 57.4 2 3 e 
09-50 9 WELD 2009 APR 090427 871 923 8.8 121.1 144.2 2 1 e 
09-51 8 WELD 2009 APR 090427 636 680 3.71 50.6 525.7 2 2 e 
09-52 9 WELD 2009 APR 090427 599 638 2.98 22.9 49 2 3 e 
09-53 13 WELD 2009 APR 090427 890 944 11 23.9 1600 2 1 e 
09-54 7 WELD 2009 APR 090427 659 700 3.8 88.9 7106 2 2 e 
09-55 6 WELD 2009 APR 090427 594 630 2.95 54.6 53.5 2 2 e 
09-56 5 WELD 2009 APR 090427 525 558 2.03 26.2 96.7 2 2 e 
09-57 3 WELD 2009 APR 090427 395 420 0.77 8.2 4.9 2 1 e 
09-58 2 WELD 2009 APR 090427 307 330 0.4 7.3 2.1 2 2 e 
09-59 2 WELD 2009 APR 090427 338 360 0.53 9.3 1.4 2 2 e 
09-6 4 WELD 2009 APR 090413 464 501 1.45 25.6 115.6 2 2 e 
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Appendix A.  Cont. 
FISH AGE  DATA_SET YEAR MONTH DATE 
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TL 
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g 
GONAD    
g 
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09-60 9 WELD 2009 MAY 090504 585 625 3.39 49.7 531.8 2 2 e 
09-61 5 WELD 2009 MAY 090504 530 564 2.04 23.9 209.5 2 2 e 
09-62 3 WELD 2009 MAY 090504 365 396 0.6 6.4 
 
2 1 inverts/fp 
09-64 2 WELD 2009 MAY 090504 300 321 0.33 4.6 
 
2 1 fp 
09-65 4 WELD 2009 MAY 090504 424 450 0.84 11.7 15.5 2 2 e 
09-66 2 WELD 2009 MAY 090504 340 366 0.54 11.7 2.4 2 3 e 
09-67 2 WELD 2009 MAY 090504 374 400 0.67 13.4 3.3 2 3 e 
09-68 1 WELD 2009 MAY 090504 289 309 0.31 5.3 
 
2 3 e 
09-69 2 WELD 2009 MAY 090504 395 420 0.7 7.7 3.1 2 2 e 
09-7 4 WELD 2009 APR 090413 554 586 2.3 31.8 252.7 2 1 e 
09-72 9 WELD 2009 MAY 090504 564 596 2.52 44.7 297.3 2 2 e 
09-73 9 WELD 2009 MAY 090504 838 881 6.9 8.3 125.8 2 1 e 
09-74 7 WELD 2009 MAY 090504 555 586 2.51 37.5 440 2 1 e 
09-75 4 WELD 2009 MAY 090504 484 520 1.53 21.5 198.1 2 1 e 
09-76 5 WELD 2009 MAY 090504 509 546 1.82 21.7 208.7 2 2 e 
09-77 4 WELD 2009 MAY 090504 484 520 1.52 21.9 150.2 2 1 e 
09-78 4 WELD 2009 MAY 090504 469 510 1.37 17.2 150.4 2 2 e 
09-79 4 WELD 2009 MAY 090504 494 530 1.77 32.5 221 2 2 e 
09-8 5 WELD 2009 APR 090413 544 581 2.4 45.8 179.4 2 2 herring 
09-80 9 WELD 2009 MAY 090504 829 881 6.5 103.4 134.6 2 1 e 
09-81 11 WELD 2009 MAY 090504 645 686 3.51 44.4 410 2 1 e 
09-82 4 WELD 2009 MAY 090504 414 442 0.98 14 120 2 2 e 
09-84 4 WELD 2009 MAY 090504 420 450 0.96 12.4 111.5 2 1 e 
09-85 4 WELD 2009 MAY 090504 428 461 1.05 13.2 124.8 2 2 e 
09-86 4 WELD 2009 MAY 090504 461 496 1.26 19.9 86.7 2 2 e 
09-87 5 WELD 2009 MAY 090504 520 550 1.89 26.3 109.7 2 3 e 
09-88 4 WELD 2009 MAY 090504 445 476 1.12 12.9 80.4 2 1 e 
09-89 4 WELD 2009 MAY 090504 395 421 0.78 8.1 76.2 2 1 
 
09-9 4 WELD 2009 APR 090413 409 435 0.9 12.9 44.3 2 2 e 
09-90 4 WELD 2009 MAY 090504 461 496 1.24 15.1 118.9 2 1 e 
09-91 4 WELD 2009 MAY 090504 417 443 0.9 13.4 63.4 2 2 e 
09-92 3 WELD 2009 MAY 090504 366 395 0.57 4.5 
 
2 
  
09-93 4 WELD 2009 MAY 090504 470 500 1.4 17.7 156.1 2 2 e 
09-94 4 WELD 2009 MAY 090504 458 479 1.19 14.4 108.1 2 2 e 
09-95 4 WELD 2009 MAY 090504 447 475 1.05 12.1 17 2 2 e 
09-96 4 WELD 2009 MAY 090504 420 451 0.96 13.7 15.2 2 2 e 
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09-97 2 WELD 2009 MAY 090504 330 356 0.5 11 2.1 2 3 e 
09-98 4 WELD 2009 MAY 090504 438 469 1.03 14.1 106.4 2 1 e 
09-99 3 WELD 2009 MAY 090504 420 449 0.86 9.1 4.5 2 2 e 
0901497-6 2 IGNS 2009 MAR 090319 320 341 0.42 4.1 1.4 2 
 
e 
0901509-4 2 IGNS 2009 MAR 090319 314 336 0.4 3.9 1.2 2 
 
e 
0901520-10 5 IGNS 2009 MAR 090320 424 452 1.08 23.9 40.3 2 3 e 
0901520-13 4 IGNS 2009 MAR 090320 440 469 1.12 20.5 34.4 2 3 e 
0901520-14 4 IGNS 2009 MAR 090320 409 440 0.82 11.3 9.3 2 
 
e 
0901520-15 4 IGNS 2009 MAR 090320 449 480 1.12 17.7 36.5 2 3 e 
0901521-6 4 IGNS 2009 MAR 090320 398 421 0.71 8.2 5.3 2 2 e 
0901522-5 4 IGNS 2009 MAR 090320 464 499 1.3 23.6 38.2 2 3 e 
0901523-2 3 IGNS 2009 MAR 090320 419 451 0.93 12.5 6.7 2 3 e 
0901532-3 4 IGNS 2009 MAR 090320 420 450 0.89 8.2 9 2 3 e 
0901532-4 4 IGNS 2009 MAR 090320 446 476 1.22 22.5 78.6 2 3 e 
0901532-6 4 IGNS 2009 MAR 090320 420 451 1.01 18.1 30.4 2 3 e 
0901533-3 2 IGNS 2009 MAR 090320 316 338 0.41 4.9 1.5 2 1 e 
0901534-2 5 IGNS 2009 MAR 090320 450 485 1.25 29.6 14.4 2 
 
fp 
0901535-3 3 IGNS 2009 MAR 090320 380 408 0.69 5.8 4.5 2 
 
e 
0901544-10 3 IGNS 2009 MAR 090321 406 430 0.81 7.4 4.4 2 2 e 
0901544-12 4 IGNS 2009 MAR 090321 422 445 0.95 14.4 15.9 2 3 e 
0901544-13 4 IGNS 2009 MAR 090321 460 486 1.15 11.5 8.5 2 3 e 
0901544-8 4 IGNS 2009 MAR 090321 430 459 1.02 14.8 10.7 2 3 e 
0901545-6 2 IGNS 2009 MAR 090321 309 330 0.35 3.8 1.2 2 2 e 
0901545-7 2 IGNS 2009 MAR 090321 334 355 0.45 6.9 1.5 2 3 e 
0901545-9 4 IGNS 2009 MAR 090321 409 431 0.85 9 6.4 2 3 fp 
0901547-4 3 IGNS 2009 MAR 090321 381 410 0.7 10.4 4.8 2 3 e 
0901547-5 3 IGNS 2009 MAR 090321 400 427 0.82 10.2 5.1 2 3 e 
0901547-6 3 IGNS 2009 MAR 090321 379 400 0.66 9.7 4.8 2 3 inverts 
0901547-7 3 IGNS 2009 MAR 090321 419 450 0.94 12.8 9.4 2 3 e 
0901555-1 4 IGNS 2009 MAR 090321 446 481 1.32 17.7 32.5 2 3 ale-239mm 
0901557-3 3 IGNS 2009 MAR 090321 394 420 0.76 10.6 5.2 2 3 e 
0901557-4 4 IGNS 2009 MAR 090321 394 425 0.79 11.3 7.7 2 3 e 
0901557-5 3 IGNS 2009 MAR 090321 420 448 0.91 12.2 6.3 2 3 e 
0901559-3 3 IGNS 2009 MAR 090321 350 360 0.55 8.2 2.7 2 2 e 
0901560-4 2 IGNS 2009 MAR 090321 340 362 0.5 7 1.6 2 3 e 
0901560-5 2 IGNS 2009 MAR 090321 294 312 0.3 5.5 1.1 2 3 inverts 
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0901567-1 5 IGNS 2009 MAR 090322 489 515 1.68 33.3 46.8 2 3 e 
0901592-5 4 IGNS 2009 MAR 090323 434 460 1.06 15.2 27.8 2 2 e 
0901592-6 4 IGNS 2009 MAR 090323 422 450 1 18 42.3 2 3 e 
0901595-5 4 IGNS 2009 MAR 090323 409 440 0.92 16.9 9.6 2 3 inverts 
0901605-3 2 IGNS 2009 MAR 090323 308 330 0.39 6 1.3 2 2 inverts 
0901607-1 4 IGNS 2009 MAR 090323 434 462 1.15 21.2 47.1 2 3 eel 
0901635-1 9 IGNS 2009 MAR 090325 595 636 2.87 42.9 111.7 2 2 e 
0901642-4 5 IGNS 2009 MAR 090325 469 502 1.35 22.3 54.6 2 1 fp 
0901712-15 4 IGNS 2009 MAR 090328 458 483 1.25 16.5 16.8 2 3 fp 
0901728-2 2 IGNS 2009 MAR 090328 280 300 0.25 3.4 0.5 2 1 inverts 
0901798-4 5 IGNS 2009 MAR 090331 486 520 1.53 33.1 74.1 2 3 fp 
0901807-3 4 IGNS 2009 APR 090401 468 499 1.32 16.2 11.4 2 1 e 
0901808-10 4 IGNS 2009 APR 090401 405 435 0.82 10.9 10.4 2 1 killifish 
0901808-11 4 IGNS 2009 APR 090401 440 470 1.09 13.6 10.9 2 2 e 
0901808-12 4 IGNS 2009 APR 090401 433 463 1.03 18.4 55.6 2 2 e 
0901808-13 3 IGNS 2009 APR 090401 401 433 0.79 7.9 4.2 2 1 e 
0901808-14 4 IGNS 2009 APR 090401 418 446 0.91 6.6 8.8 2 1 e 
0901808-15 3 IGNS 2009 APR 090401 428 460 1 10.3 5.9 2 1 e 
0901808-5 4 IGNS 2009 APR 090401 444 475 1.11 11.6 14.4 2 1 e 
0901808-6 4 IGNS 2009 APR 090401 400 430 0.8 11.2 5.5 2 1 e 
0901809-2 3 IGNS 2009 APR 090401 365 392 0.64 4.5 9.8 2 1 e 
0901858-3 4 IGNS 2009 APR 090403 476 503 1.49 23.6 60.7 2 2 e 
0901892-1 2 IGNS 2009 APR 090407 460 490 1.27 21 60 2 3 e 
0901917-1 2 IGNS 2009 APR 090408 313 336 0.41 4.3 2.1 2 2 e 
0901917-2 2 IGNS 2009 APR 090408 328 350 0.43 4.3 1.6 2 2 herring 
0901917-3 2 IGNS 2009 APR 090408 335 357 0.46 5.1 1.9 2 3 e 
0901919-1 4 IGNS 2009 APR 090408 394 420 0.79 9.4 8.1 2 2 e 
0902099-1 4 IGNS 2009 APR 090426 400 425 0.85 10.1 72.3 2 1 e 
0902132-1 4 IGNS 2009 APR 090427 424 454 0.98 14.7 8.9 2 1 e 
0902168-2 5 IGNS 2009 APR 090429 455 480 1.3 23.3 43.3 2 3 e 
0902170-1 4 IGNS 2009 APR 090429 455 480 1.35 10.4 62.4 2 3 eel 
0902196-3 2 IGNS 2009 APR 090430 329 350 0.44 4.3 1.8 2 1 inv 
0902212-1 9 IGNS 2009 MAY 090501 614 646 3.59 61.6 686.9 2 3 e 
0902216-4 4 IGNS 2009 MAY 090501 420 451 0.98 10.6 8.6 2 2 e 
0902216-5 4 IGNS 2009 MAY 090501 446 476 1.23 14.3 64.6 2 2 e 
0902219-1 3 IGNS 2009 MAY 090501 378 402 0.63 6.7 4.1 2 1 e 
0902219-2 4 IGNS 2009 MAY 090501 440 469 1.21 15.6 131.9 2 2 e 
0902230-1 5 IGNS 2009 MAY 090501 460 490 1.27 16.9 109.6 2 1 e 
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0902241-1 3 IGNS 2009 MAY 090502 384 411 0.71 6.2 4 2 1 e 
0902252-3 4 IGNS 2009 MAY 090502 435 466 1.02 6.7 11.4 2 1 e 
0902262-1 15 IGNS 2009 MAY 090503 991 1043 11.25 186.9 153.5 2 2 e 
0902264-2 4 IGNS 2009 MAY 090503 442 471 1.02 9.6 8.9 2 3 e 
0902264-3 4 IGNS 2009 MAY 090503 442 467 1.25 12.3 91.6 2 2 fp 
0902268-1 2 IGNS 2009 MAY 090503 293 310 0.3 2.7 0.8 2 
 
fp 
0902277-4 2 IGNS 2009 MAY 090503 327 352 0.42 3.6 0.6 2 1 e 
0902364-1 4 IGNS 2009 MAY 090507 405 436 0.82 9.1 7.1 2 2 fp 
0902364-2 2 IGNS 2009 MAY 090507 339 364 0.46 3.9 2.7 2 1 fp 
0902373-1 2 IGNS 2009 MAY 090507 309 330 0.36 3.7 1.3 2 1 fp 
0902373-2 2 IGNS 2009 MAY 090507 370 395 0.61 8.3 3.5 2 2 e 
0902373-3 2 IGNS 2009 MAY 090507 304 326 0.35 12.8 1 2 1 fp 
0902373-4 2 IGNS 2009 MAY 090507 315 339 0.36 3 1.7 2 2 fp 
0902376-3 2 IGNS 2009 MAY 090507 296 315 0.3 2.6 1 2 1 fp 
0902383-1 5 IGNS 2009 MAY 090508 575 611 2.37 27.7 35.1 2 2 e 
0902397-2 4 IGNS 2009 MAY 090508 436 461 0.91 8.9 13.5 2 1 fp 
0902398-1 5 IGNS 2009 MAY 090508 481 520 1.39 17.2 149.9 2 1 e 
0902400-2 2 IGNS 2009 MAY 090508 305 328 0.34 2.5 1.4 2 2 e 
0902400-4 2 IGNS 2009 MAY 090508 322 345 0.39 3.5 1.8 2 3 e 
0902432-1 4 IGNS 2009 MAY 090510 450 481 1.06 6.8 12.5 2 1 e 
0902435-1 3 IGNS 2009 MAY 090510 406 435 0.84 8.2 6.5 2 2 fp 
0902470-1 5 IGNS 2009 MAY 090512 480 520 1.22 14.1 19.9 2 1 e 
0902480-2 4 IGNS 2009 MAY 090512 442 475 0.95 5.9 14.2 2 1 e 
0902482-1 4 IGNS 2009 MAY 090512 452 488 1.2 14.2 57.2 2 2 e 
0902528-1 4 IGNS 2009 MAY 090514 489 524 2.55 20.8 102.7 2 2 fp 
0902595-1 9 IGNS 2009 MAY 090517 668 710 3.81 42.5 48.5 2 2 herring 
0902602-3 4 IGNS 2009 MAY 090517 471 510 1.39 18.3 104.6 2 1 e 
0902614-1 4 IGNS 2009 MAY 090517 460 491 1.46 20.5 50.7 2 2 men 
10-1 4 WELD 2010 MAY 100503 448 474 1.1 14.1 130.5 2 1 e 
10-100 5 WELD 2010 MAY 100426 
 
456 1 
     
10-1000 10 WELD 2010 APR 100405 
 
917 10.1 238 1130 2 3 
gshad/2 
herr 
10-1001 4 WELD 2010 APR 100405 
 
521 1.53 31.2 40 2 2 
 
10-101 2 WELD 2010 MAY 100426 
 
315 0.3 
     
10-102 2 WELD 2010 MAY 100426 
 
401 0.7 
     
10-103 2 WELD 2010 MAY 100426 
 
400 0.7 
     
10-104 3 WELD 2010 MAY 100426 
 
401 0.7 
     
10-105 2 WELD 2010 MAY 100426 
 
346 0.4 
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10-106 2 WELD 2010 MAY 100426 
 
346 0.4 
     
10-107 2 WELD 2010 MAY 100426 
 
356 0.5 
     
10-2 2 WELD 2010 MAY 100503 448 474 1.1 14.1 130.5 2 1 e 
10-427 10 WELD 2010 MAY 100518 
 
786 5.5 52.5 958 2 1 e 
10-444 9 WELD 2010 MAY 100518 
 
672 1.2 35.9 490.4 2 1 e 
10-448 6 WELD 2010 MAY 100518 
 
674 3.1 38.7 362.6 2 1 e 
10-450 9 WELD 2010 MAY 100518 
 
654 3.1 36.8 428.2 2 1 e 
10-453 2 WELD 2010 MAY 100510 328 356 0.4 6.7 1 2 2 fp 
10-475 2 WELD 2010 MAY 100510 344 374 0.5 5.7 1.6 2 2 e 
10-601 4 WELD 2010 APR 100412 449 486 1.1 23.4 97 2 2 e 
10-602 4 WELD 2010 APR 100412 468 495 1.3 17.2 129.7 2 2 e 
10-603 2 WELD 2010 APR 100412 363 392 0.6 9.2 
 
2 2 e 
10-605 3 WELD 2010 APR 100412 406 427 0.84 11.5 5.2 2 2 fp 
10-606 4 WELD 2010 APR 100412 503 544 1.5 17.6 117.5 2 2 e 
10-607 6 WELD 2010 APR 100412 553 591 2.5 56.3 304.3 2 1 e 
10-608 4 WELD 2010 APR 100412 465 491 1.2 22.7 121.9 2 2 e 
10-609 3 WELD 2010 APR 100412 429 465 1.1 19.9 7.8 2 3 e 
10-610 5 WELD 2010 APR 100412 464 497 1.3 16.8 87.4 2 2 e 
10-612 2 WELD 2010 APR 100412 359 385 0.6 15.8 2.9 2 3 e 
10-613 4 WELD 2010 APR 100412 469 505 1.3 26.5 110.5 2 2 fp 
10-614 4 WELD 2010 APR 100412 419 457 1 17.3 86.4 2 2 e 
10-615 2 WELD 2010 APR 100412 378 408 0.7 14.7 2.9 2 3 invertebrate 
10-616 3 WELD 2010 APR 100412 400 436 0.9 13.9 9.9 2 2 eel 
10-617 4 WELD 2010 APR 100412 415 552 2 44.5 252.7 2 2 e 
10-618 2 WELD 2010 APR 100412 369 401 0.6 10.6 1.9 2 2 e 
10-619 4 WELD 2010 APR 100412 481 521 1.5 29.3 213.5 2 2 e 
10-620 5 WELD 2010 APR 100412 473 511 4.64 27 168.2 2 1 e 
10-621 4 WELD 2010 APR 100412 440 471 1.1 17.6 54.3 2 2 e 
10-622 5 WELD 2010 APR 100412 470 512 1.4 18 110.1 2 2 e 
10-623 4 WELD 2010 APR 100412 496 527 1.6 19.6 120.2 2 2 e 
10-624 5 WELD 2010 APR 100412 581 619 2.6 31.7 215.7 2 1 e 
10-625 5 WELD 2010 APR 100412 514 552 1.7 21.4 150.3 2 1 e 
10-626 3 WELD 2010 APR 100419 420 449 0.95 15.1 46.7 2 2 e 
10-627 14 WELD 2010 APR 100419 896 954 11 196.1 1823 2 1 e 
10-628 2 WELD 2010 APR 100419 338 361 0.5 10.5 2.1 2 1 fp 
10-629 6 WELD 2010 APR 100426 627 668 3.5 52 543.4 2 2 e 
10-630 9 WELD 2010 APR 100419 630 740 5.3 76.2 659.7 2 1 hick 372 
10-631 4 WELD 2010 APR 100412 425 455 1 18.8 44.8 2 2 e 
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10-632 5 WELD 2010 APR 100412 524 555 1.8 32.2 118.1 2 1 e 
10-633 8 WELD 2010 APR 100426 594 632 3 49.6 376.6 2 2 e 
10-634 3 WELD 2010 APR 100412 427 456 1 14.4 5.9 2 2 e 
10-635 2 WELD 2010 APR 100426 
 
373 0.7 
     
10-637 16 WELD 2010 APR 100419 1019 1080 16.8 275 3090 2 1 e 
10-639 8 WELD 2010 APR 100426 610 643 3.1 42.1 363.3 2 2 e 
10-640 2 WELD 2010 APR 100426 352 376 0.6 9.3 1.7 2 2 fp 
10-641 6 WELD 2010 APR 100419 578 609 3.2 63.8 436 2 2 e 
10-642 3 WELD 2010 APR 100419 425 456 1.1 14.6 92.6 2 2 e 
10-643 10 WELD 2010 APR 100419 848 899 8.2 89.7 1091 2 2 e 
10-644 3 WELD 2010 APR 100419 
 
421 0.7 
     
10-645 10 WELD 2010 APR 100426 882 939 8.4 129.4 847 2 1 e 
10-646 2 WELD 2010 APR 100412 365 390 0.7 9.7 3.3 2 3 e 
10-647 10 WELD 2010 APR 100426 832 884 7.5 79.8 915.1 2 1 
 
10-648 5 WELD 2010 APR 100419 569 608 2.7 38 357.5 2 2 e 
10-649 3 WELD 2010 APR 100419 408 433 0.9 14.1 113 2 2 e 
10-650 4 WELD 2010 APR 100412 459 496 1.3 28.9 87 2 1 e 
10-651 5 WELD 2010 MAY 100503 501 536 1.5 29.6 35.1 2 1 e 
10-652 5 WELD 2010 MAY 100503 473 575 1.1 15.2 107.7 2 2 
 
10-653 6 WELD 2010 APR 100426 762 802 6.4 57.3 568 2 2 e 
10-655 3 WELD 2010 MAY 100503 
 
560 
      
10-656 5 WELD 2010 MAY 100503 467 493 1.3 23.5 195.6 2 3 e 
10-657 5 WELD 2010 MAY 100503 560 584 1.3 14.8 180.1 2 1 
 
10-658 5 WELD 2010 MAY 100503 472 505 1.4 15.8 192.5 2 1 e 
10-659 5 WELD 2010 MAY 100503 587 627 3.2 49.3 363.3 2 1 
 
10-660 6 WELD 2010 MAY 100503 557 585 2.2 43.8 299.7 2 2 e 
10-661 2 WELD 2010 MAY 100503 370 393 0.4 5.9 2.5 2 2 e 
10-662 4 WELD 2010 MAY 100503 465 495 1.3 17.4 121.2 2 1 e 
10-663 6 WELD 2010 APR 100426 762 802 6.4 77.3 744.3 2 1 
 
10-664 5 WELD 2010 MAY 100503 502 533 1.8 23.1 209.4 2 1 e 
10-665 10 WELD 2010 MAY 100503 687 711 4 62.3 64.7 2 1 e 
10-666 4 WELD 2010 MAY 100503 435 465 0.9 14.3 82.5 2 2 
 
10-667 5 WELD 2010 MAY 100503 549 583 2.3 27.5 258.2 2 1 e 
10-668 10 WELD 2010 APR 100426 748 785 5.6 73 757 2 1 e 
10-669 5 WELD 2010 MAY 100503 517 546 1.9 24.8 350.1 2 2 
 
10-670 5 WELD 2010 MAY 100503 470 501 1.3 18.9 126.7 2 2 e 
10-671 13 WELD 2010 MAY 100503 990 1070 15.7 219.6 2334.5 2 1 e 
10-672 2 WELD 2010 MAY 100503 
 
325 
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10-673 3 WELD 2010 MAY 100503 433 462 0.9 11.2 7.1 2 3 e 
10-674 6 WELD 2010 MAY 100503 533 566 1.8 29.4 37 2 2 e 
10-675 10 WELD 2010 MAY 100503 577 611 2.7 40.4 61 2 2 e 
10-676 4 WELD 2010 MAY 100503 334 372 1.1 19.6 121.6 2 2 e 
10-678 12 WELD 2010 MAY 100510 828 861 7.5 92.7 133.8 2 2 e 
10-680 4 WELD 2010 MAY 100503 461 493 1.1 14.8 40 2 2 e 
10-681 6 WELD 2010 MAY 100503 540 573 2.2 36.7 381.6 2 1 e 
10-682 11 WELD 2010 MAY 100510 820 875 7.4 63.4 1212.3 2 1 e 
10-684 5 WELD 2010 MAY 100531 586 619 2.5 35.6 40.5 2 1 e 
10-685 9 WELD 2010 MAY 100510 639 683 3.6 49.6 625.3 2 1 e 
10-686 5 WELD 2010 MAY 100503 587 619 2.5 47.5 390.2 2 2 e 
10-688 2 WELD 2010 MAY 100503 
 
374 0.4 
     
10-689 4 WELD 2010 MAY 100503 440 472 1 14.5 125.1 2 3 e 
10-690 2 WELD 2010 APR 100426 363 390 0.7 12.1 2.8 2 3 e 
10-691 5 WELD 2010 MAY 100503 579 614 3 36.2 326.1 2 2 
 
10-692 10 WELD 2010 MAY 100503 700 742 5.5 75.5 643.6 2 2 e 
10-693 3 WELD 2010 MAY 100510 417 447 1 14.5 92.9 2 1 e 
10-694 5 WELD 2010 APR 100426 606 649 2.9 40.7 346 2 2 e 
10-695 5 WELD 2010 MAY 100503 516 530 2 27.4 289.7 2 2 e 
10-696 2 WELD 2010 MAY 100503 
 
374 0.6 
     
10-697 4 WELD 2010 MAY 100503 449 483 1.3 16.2 132.7 2 2 fp 
10-698 3 WELD 2010 MAY 100503 413 427 0.8 8.9 107.6 2 1 e 
10-699 3 WELD 2010 MAY 100503 442 471 0.9 13.2 105.6 2 1 e 
10-700 10 WELD 2010 MAY 100510 642 679 3.7 58.1 645.9 2 1 e 
1001001-31 3 IGNS 2010 APR 100423 404 434 0.8 10.1 5.6 2 1 inv 
1001002-1 4 IGNS 2010 APR 100423 456 483 1.47 25.8 89.2 2 3 e 
1001162-2 5 IGNS 2010 MAR 100302 510 540 1.86 55.2 22.4 2 0 e 
1001184-4 3 IGNS 2010 MAR 100305 440 468 1.2 28.8 7.7 2 3 e 
1001184-5 4 IGNS 2010 MAR 100305 420 448 1.16 35.7 26.1 2 3 e 
1001185-6 2 IGNS 2010 MAR 100305 345 373 0.59 13.2 2.2 2 1 e 
1001209-1 2 IGNS 2010 MAR 100308 310 332 0.45 8.8 2 2 1 e 
1001305-6 2 IGNS 2010 MAR 100312 310 330 0.39 4.2 1.1 2 2 e 
1001307-4 3 IGNS 2010 MAR 100312 363 390 0.67 10.8 3.6 2 1 fp 
1001307-6 2 IGNS 2010 MAR 100312 345 370 0.57 9 1.8 2 2 e 
1001308-2 3 IGNS 2010 MAR 100312 402 430 0.9 11.8 4.1 2 2 e 
1001315-1 6 IGNS 2010 MAR 100312 585 616 2.4 46.4 83.9 2 
 
e 
1001323-1 5 IGNS 2010 MAR 100315 670 710 4.32 119.9 203.2 2 3 e 
1001328-4 3 IGNS 2010 MAR 100315 419 453 1.04 24.9 7.7 2 3 fp 
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1001329-3 3 IGNS 2010 MAR 100315 384 414 0.74 11.6 4 2 1 e 
1001330-3 5 IGNS 2010 MAR 100315 465 498 1.52 49.3 54.7 2 3 e 
1001330-4 5 IGNS 2010 MAR 100315 493 526 1.79 
  
2 2 e 
1001353-14 2 IGNS 2010 MAR 100316 341 365 0.52 13.5 2.7 2 1 e 
1001353-15 2 IGNS 2010 MAR 100316 335 362 0.55 14.1 1.7 2 
 
e 
1001353-6 2 IGNS 2010 MAR 100316 303 324 0.34 6.5 0.9 2 1 e 
1001354-2 5 IGNS 2010 MAR 100316 465 502 1.7 
  
2 2 e 
1001377-4 2 IGNS 2010 MAR 100317 307 332 0.4 6.7 1.7 2 2 e 
1001388-1 3 IGNS 2010 MAR 100317 421 449 1.06 14.1 5.9 2 2 e 
1001389-2 2 IGNS 2010 MAR 100317 331 354 0.49 7.4 1.6 2 1 e 
1001389-3 2 IGNS 2010 MAR 100317 330 353 0.49 9.5 
 
2 2 e 
1001400-2 3 IGNS 2010 MAR 100318 430 462 1.12 25 8.2 2 
 
e 
1001404-3 2 IGNS 2010 MAR 100318 332 358 0.45 5.1 2.2 2 
 
e 
1001404-4 2 IGNS 2010 MAR 100318 308 330 0.4 8.9 1.8 2 
 
e 
1001404-6 2 IGNS 2010 MAR 100318 321 353 0.5 7 1.6 2 
 
e 
1001414-1 4 IGNS 2010 MAR 100318 460 491 1.46 34.5 42.4 2 2 e 
1001424-1 3 IGNS 2010 MAR 100319 365 396 0.72 11.9 4.7 2 2 e 
1001424-2 5 IGNS 2010 MAR 100319 477 508 1.56 36.5 24.5 2 3 e 
1001425-20 3 IGNS 2010 MAR 100319 398 428 0.89 20.9 5.2 2 3 e 
1001425-6 2 IGNS 2010 MAR 100319 293 314 0.34 6.2 1.3 2 1 e 
1001425-7 2 IGNS 2010 MAR 100319 331 352 0.47 6.1 2.3 2 2 fp 
1001425-8 2 IGNS 2010 MAR 100319 303 325 0.39 13.1 1.2 2 2 e 
1001427-9 2 IGNS 2010 MAR 100319 348 370 0.56 12.2 1.7 2 3 e 
1001428-1 2 IGNS 2010 MAR 100319 322 346 0.46 9.4 2 2 1 e 
1001428-2 2 IGNS 2010 MAR 100319 319 343 0.44 
 
2.1 2 1 
bay 
anchovy 
1001439-6 5 IGNS 2010 MAR 100319 429 459 1.05 22.1 15.5 2 3 e 
1001439-7 3 IGNS 2010 MAR 100319 351 380 0.61 16.5 3.3 2 
 
e 
1001443-1 5 IGNS 2010 MAR 100322 545 580 2.91 113.1 114.6 2 3 e 
1001495-2 5 IGNS 2010 MAR 100324 505 543 2.07 53.7 107.1 2 3 e 
1001496-2 4 IGNS 2010 MAR 100324 423 450 1.12 28.1 36.5 2 3 e 
1001496-3 3 IGNS 2010 MAR 100324 410 441 0.9 12.2 6 3 3 e 
1001498-2 5 IGNS 2010 MAR 100324 465 501 1.56 32.4 57.3 2 3 e 
1001499-3 4 IGNS 2010 MAR 100324 451 482 1.32 35.2 49.5 2 3 e 
1001507-1 6 IGNS 2010 MAR 100324 496 525 1.88 34.2 70.6 2 3 e 
1001509-3 2 IGNS 2010 MAR 100324 315 337 0.42 9.3 1.2 2 3 e 
1001539-1 6 IGNS 2010 MAR 100326 555 596 2.65 110 60 2 3 fp 
1001567-2 5 IGNS 2010 MAR 100330 504 538 1.93 40.9 112.3 2 3 e 
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Appendix A.  Cont. 
FISH AGE  DATA_SET YEAR MONTH DATE 
FL 
mm 
TL 
mm 
WEIGHT 
kg 
LIVER 
g 
GONAD    
g 
SEX FAT GUT 
1001567-3 5 IGNS 2010 MAR 100330 500 536 2 62 128.2 2 
 
fp 
1001567-4 6 IGNS 2010 MAR 100330 500 538 1.78 40.2 78 2 3 e 
1001591-3 5 IGNS 2010 MAR 100331 508 537 1.75 35.3 94.7 2 2 fp 
1001605-1 2 IGNS 2010 MAR 100331 315 339 0.44 9 1.3 2 1 e 
1001619-3 2 IGNS 2010 APR 100401 326 348 0.48 7.8 2 2 
 
e 
1001620-4 2 IGNS 2010 APR 100401 327 352 0.42 9.7 1.6 2 1 e 
1001665-5 4 IGNS 2010 APR 100405 341 370 0.51 7 2.2 2 1 e 
1001739-2 4 IGNS 2010 APR 100408 495 526 1.78 36 115.9 2 2 e 
1001755-1 5 IGNS 2010 APR 100409 485 516 1.6 34.8 110.8 2 
 
e 
1001761-15 2 IGNS 2010 APR 100409 327 351 0.42 5 1.5 2 
 
e 
1001761-16 2 IGNS 2010 APR 100409 323 347 0.44 6.5 2.1 2 1 e 
1001761-18 2 IGNS 2010 APR 100409 329 354 0.46 4 
 
2 1 e 
1001763-5 2 IGNS 2010 APR 100409 344 417 0.51 7.5 2.4 2 1 e 
1001763-6 3 IGNS 2010 APR 100409 388 416 0.65 5.1 3.5 2 2 e 
1001764-6 2 IGNS 2010 APR 100409 284 305 0.28 3.7 1.1 2 1 e 
1001764-7 2 IGNS 2010 APR 100409 321 346 0.41 3.8 1.8 2 1 e 
1001764-8 2 IGNS 2010 APR 100409 305 331 0.34 5.3 1.7 2 1 
no gut 
taken 
1001785-1 3 IGNS 2010 APR 100412 406 434 0.8 7.3 5.5 2 2 e 
1001785-8 4 IGNS 2010 APR 100412 388 416 0.7 5.6 5.9 2 2 e 
1001809-63 2 IGNS 2010 APR 100413 318 344 0.38 3.9 1.8 2 2 e 
1001809-64 3 IGNS 2010 APR 100413 369 397 0.64 11.4 4.3 2 1 e 
1001819-1 5 IGNS 2010 APR 100413 489 525 1.78 28.6 125.1 2 2 e 
1001835-1 2 IGNS 2010 APR 100414 354 380 0.56 10.1 2.4 2 1 e 
1001836-1 2 IGNS 2010 APR 100414 295 318 0.32 3.5 1.6 2 1 e 
1001857-3 3 IGNS 2010 APR 100415 345 368 0.54 9.8 3.2 2 1 e 
1001857-4 3 IGNS 2010 APR 100415 371 399 0.58 5.9 5.3 2 1 e 
1001894-1 5 IGNS 2010 APR 100416 475 512 1.57 26.3 114.8 2 2 e 
1001903-2 5 IGNS 2010 APR 100419 510 541 1.84 31 147.5 2 2 e 
1001904-3 5 IGNS 2010 APR 100419 478 510 1.46 24.5 132.9 2 1 e 
1001905-12 2 IGNS 2010 APR 100419 300 326 0.34 4.4 1.3 2 1 bc 
1001905-7 2 IGNS 2010 APR 100419 336 360 0.46 8.7 2.2 2 1 e 
1001908-2 2 IGNS 2010 APR 100419 317 344 0.38 5.4 1.6 2 1 e 
1001955-5 3 IGNS 2010 APR 100421 390 420 0.7 12.2 5.6 2 1 
 
1001955-6 3 IGNS 2010 APR 100421 415 446 0.92 9.7 5.2 2 1 e 
1002026-1 4 IGNS 2010 APR 100427 458 487 1.36 18.4 119.5 2 3 e 
1002144-1 3 IGNS 2010 MAY 100504 408 439 0.91 8.2 6.8 2 1 e 
1002144-2 3 IGNS 2010 MAY 100504 412 443 0.91 8.8 3.7 2 1 e 
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FISH AGE  DATA_SET YEAR MONTH DATE 
FL 
mm 
TL 
mm 
WEIGHT 
kg 
LIVER 
g 
GONAD    
g 
SEX FAT GUT 
1002145-18 2 IGNS 2010 MAY 100504 355 382 0.56 8.6 2.7 2 1 fp 
1002148-5 2 IGNS 2010 MAY 100504 303 326 0.31 3.8 1.2 2 1 e 
1002159-1 3 IGNS 2010 MAY 100504 425 456 0.86 7.3 7 2 1 e 
1002169-12 2 IGNS 2010 MAY 100505 342 368 0.43 2.9 2.1 2 1 e 
1002169-13 2 IGNS 2010 MAY 100505 315 339 0.36 4.1 1.9 2 1 fp 
1002169-14 2 IGNS 2010 MAY 100505 325 347 0.4 4.6 2.5 2 1 fp 
1002169-15 2 IGNS 2010 MAY 100505 342 378 0.49 6.6 2.8 2 1 e 
1002187-1 5 IGNS 2010 MAY 100506 665 704 4 49.7 50.3 2 3 e 
1002192-1 4 IGNS 2010 MAY 100506 465 500 1.19 17.9 21.6 2 3 e 
1002193-22 5 IGNS 2010 MAY 100506 478 510 1.34 18.1 18.7 2 2 e 
1002204-2 5 IGNS 2010 MAY 100506 500 536 1.43 16.1 17.5 2 1 e 
1002205-1 2 IGNS 2010 MAY 100506 348 373 0.55 5.9 2.3 2 2 e 
1002205-6 3 IGNS 2010 MAY 100506 390 417 0.72 5.9 6.9 2 1 e 
1002218-1 5 IGNS 2010 MAY 100507 475 505 1.45 25.1 104.4 2 1 e 
1002219-1 3 IGNS 2010 MAY 100507 393 420 0.7 5.9 3.6 2 1 e 
1002219-2 3 IGNS 2010 MAY 100507 400 428 0.76 9.6 4.6 2 3 e 
1002243-1 3 IGNS 2010 MAY 100510 446 478 1.07 11.9 6.5 2 1 e 
1002288-2 3 IGNS 2010 MAY 100512 420 452 0.89 64 54 2 2 e 
1002291-1 3 IGNS 2010 MAY 100512 395 424 0.76 8.2 25.4 2 1 fp 
1002291-2 2 IGNS 2010 MAY 100512 358 384 0.54 6.6 2.9 2 1 fp 
1002313-4 2 IGNS 2010 MAY 100513 339 365 0.46 3.9 2 2 1 fp 
1002315-1 3 IGNS 2010 MAY 100513 401 430 0.74 13.3 3.2 2 1 silverside 
1002315-3 3 IGNS 2010 MAY 100513 377 405 0.68 8.2 4.5 2 2 fp 
1002339-5 2 IGNS 2010 MAY 100514 339 365 0.54 6.5 2.2 2 1 fp 
1002364-1 2 IGNS 2010 MAY 100517 296 316 0.29 3.1 0.2 2 1 e 
1002364-2 2 IGNS 2010 MAY 100517 330 354 0.42 3.8 1.6 2 1 e 
1002364-3 2 IGNS 2010 MAY 100517 312 336 0.32 2.5 1.6 2 1 e 
1002410-1 5 IGNS 2010 MAY 100519 478 513 1.32 19.7 18.1 2 1 e 
1002483-2 4 IGNS 2010 MAY 100524 445 476 1.04 7.9 11.8 2 1 fp 
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APPENDIX B.  MEAN NUMBER OF EGGS COUNTED PER GRAM OF OVARIAN TISSUE AND TOTAL ANNUAL FECUNDITY FOR STRIPED 
BASS SAMPLED FROM 2009 AND 2010. 
FISH GRAM FECUNDITY 
 
FISH GRAM FECUNDITY 
 
FISH GRAM FECUNDITY 
09-103 2236 1030796 
 
0901808-10 5768 59987.2 
 
10-637 1023.6667 3163130 
09-114 1360 1156000 
 
0901808-12 2469.5 137304.2 
 
10-643 1150.5 1255195.5 
09-39 2192.5 456040 
 
0901858-3 5843.5 354700.45 
 
10-649 1773 200349 
09-40 1705.5 373504.5 
 
0902099-1 3412.5 246723.75 
 
10-664 1840.5 385400.7 
09-41 1817.5 339872.5 
 
0902132-1 11787 104904.3 
 
10-667 1346 347537.2 
09-43 1789.5 316741.5 
 
10-699 1714 180998.4 
 
10-671 1338.3333 3124339.167 
09-44 2466.5 300913 
 
0902168-2 6549.5 283593.35 
 
10-676 1831 222649.6 
09-45 1817.5 265355 
 
0902170-1 4877 304324.8 
 
10-682 1295.6667 1570736.7 
09-46 2377.5 328095 
 
0902212-1 1728.5 1187306.7 
 
10-685 1256.3333 785585.2333 
09-47 2598 335142 
 
0902216-4 9806.5 84335.9 
 
10-693 1463.5 135959.15 
09-48 1246 2541840 
 
0902216-5 2578 166538.8 
 
10-697 1502 199315.4 
09-49 2539.666667 1702592.533 
 
0902219-2 2028 267493.2 
 
10-700 1478 954640.2 
09-56 2015 194850.5 
 
0902230-1 2570 281672 
 
1001162-2 11036.5 247217.6 
09-70 2518.5 1888875 
 
0902264-3 2115 193734 
 
1001184-5 9461 246932.1 
09-71 2432.5 1627342.5 
 
0902398-1 2069 310143.1 
 
1001496-2 5745 209692.5 
09-86 2172.5 188355.75 
 
0902482-1 2914.5 166709.4 
 
1001507-1 4265.5 301144.3 
09-87 2483 272385.1 
 
0902528-1 3727 382762.9 
 
1001567-2 4962.5 557288.75 
09-88 2425 194970 
 
0902602-3 2957 309302.2 
 
1001567-4 5934 462852 
09-90 2117 251711.3 
 
10-1 1915.5 249972.75 
 
1001568-2 10687 176335.5 
0901520-10 1962.5 79088.75 
 
10-1000 984 1111920 
 
1001591-3 2716 257205.2 
0901520-13 3832.5 131838 
 
10-427 1575.5 1509329 
 
1001760-6 2911 254421.4 
0901520-15 4911.5 179269.75 
 
10-601 2140 207580 
    
0901522-5 7130 272366 
 
10-608 1984.5 241910.55 
    
0901532-4 3072 241459.2 
 
10-610 2574.5 225011.3 
    
0901532-6 5494 167017.6 
 
10-614 2472 213580.8 
    
0901555-1 6183.5 200963.75 
 
10-620 2629.5 442281.9 
    
0901567-1 7438.5 348121.8 
 
10-622 2126.5 234127.65 
    
0901592-5 10358.5 287966.3 
 
10-623 3071 369134.2 
    
0901592-6 4984 210823.2 
 
10-624 2020 435714 
    
0901635-1 5299 591898.3 
 
10-626 4072.5 190185.75 
    
0901642-4 4465.5 243816.3 
 
10-631 3988 178662.4 
    
0901798-4 4281.5 317259.15 
 
10-636 1211 1766485.7 
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APPENDIX C.  CONDITION FACTORS FOR STRIPED BASS SAMPLED FROM 2009 THROUGH 2010 
FISH LSI GSI K Ws Wr 
 
FISH LSI GSI K Ws Wr 
0901807-3 1.2273 0.8636364 1.0623614 1545.9247 85.385788 
 
0901534-2 2.3680 1.152 1.0956827 1419.1405 88.08148 
0901808-5 1.0450 1.2972973 1.0357195 1332.9617 83.273208 
 
0901535-3 0.8406 0.6521739 1.0159413 843.83029 81.769997 
0901808-6 1.4000 0.6875 1.0062007 988.18816 80.956242 
 
0901544-8 1.4510 1.0490196 1.0547806 1202.4603 84.826086 
0901808-10 1.3293 1.2682927 0.996199 1023.145 80.145041 
 
0901544-10 0.9136 0.5432099 1.0187782 988.18816 81.968195 
0901808-11 1.2477 1 1.0498637 1291.2141 84.416674 
 
0901544-12 1.5158 1.6736842 1.0780616 1095.5156 86.717161 
0901808-12 1.7864 5.3980583 1.0377536 1234.2469 83.451699 
 
0901544-13 1.0000 0.7391304 1.0018185 1427.9574 80.534613 
0901808-13 1.0000 0.5316456 0.9731133 1009.0649 78.290305 
 
0901545-6 1.0857 0.3428571 0.9739266 445.83218 78.504875 
0901808-14 0.7253 0.967033 1.0257389 1102.935 82.507128 
 
0901545-7 1.5333 0.3333333 1.0058366 555.31149 81.035601 
0901808-15 1.0300 0.59 1.0273691 1210.3551 82.620382 
 
0901545-9 1.0588 0.7529412 1.0616641 995.11472 85.417287 
0901808-17 1.2162 1.3963964 0.9434844 1463.5906 75.84088 
 
0901547-4 1.4857 0.6857143 1.0156556 856.3298 81.744207 
0901809-2 0.7031 1.53125 1.0624825 748.1888 85.539906 
 
0901547-5 1.2439 0.6219512 1.053247 967.60169 84.745614 
0901858-3 1.5839 4.0738255 1.1707989 1583.4886 94.096038 
 
0901547-6 1.4697 0.7272727 1.03125 795.04991 83.013656 
0901892-1 1.6535 4.7244094 1.0794822 1463.5906 86.772899 
 
0901547-7 1.3617 1 1.0315501 1132.9481 82.969376 
0901917-1 1.0488 0.5121951 1.0808515 470.65449 87.112735 
 
0901555-1 1.3409 2.4621212 1.1861475 1384.2363 95.359439 
0901917-2 1.0000 0.372093 1.0029155 532.12371 80.808277 
 
0901557-3 1.3947 0.6842105 1.0258071 920.68404 82.54732 
0901917-3 1.1087 0.4130435 1.0110047 564.77222 81.448765 
 
0901557-4 1.4304 0.9746835 1.0291065 954.03765 82.805957 
0901919-1 1.1899 1.0253165 1.0662995 920.68404 85.805766 
 
0901557-5 1.3407 0.6923077 1.0120625 1117.8743 81.404498 
0902099-1 1.1882 8.5058824 1.1072664 954.03765 89.095017 
 
0901559-3 1.4909 0.4909091 1.1788409 579.16408 94.964453 
0902132-1 1.5000 0.9081633 1.0472696 1163.5015 84.228512 
 
0901560-4 1.4000 0.32 1.0540089 588.89338 84.905013 
0902168-2 1.7923 3.3307692 1.1754919 1375.6007 94.504166 
 
0901560-5 1.8333 0.3666667 0.9877737 376.6369 79.652313 
0902170-1 0.7704 4.6222222 1.2207031 1375.6007 98.138941 
 
0901567-1 1.9821 2.7857143 1.2299504 1699.8255 98.833675 
0902196-3 0.9773 0.4090909 1.0262391 532.12371 82.687539 
 
0901592-5 1.4340 2.6226415 1.0890113 1210.3551 87.577605 
0901497-6 0.9762 0.3333333 1.05922 492.03095 85.360485 
 
0901592-6 1.8000 4.23 1.0973937 1132.9481 88.265294 
0901509-4 0.9750 0.3 1.0544893 470.65449 84.988034 
 
0901595-5 1.8370 1.0434783 1.080015 1058.9177 86.881164 
0901520-10 2.2130 3.7314815 1.1695221 1148.157 94.063792 
 
0901605-3 1.5385 0.3333333 1.0852325 445.83218 87.476861 
0901520-13 1.8304 3.0714286 1.0856741 1282.9707 87.297395 
 
0901607-1 1.8435 4.0956522 1.166197 1226.2483 93.781985 
0901520-14 1.3780 1.1341463 0.9626221 1058.9177 77.437559 
 
0901635-1 1.4948 3.8919861 1.1156053 3206.2364 89.513049 
0901520-15 1.5804 3.2589286 1.0127315 1375.6007 81.418973 
 
0901642-4 1.6519 4.0444444 1.067143 1574.0411 85.766501 
0901521-6 1.1549 0.7464789 0.9515072 927.29146 76.56708 
 
0901712-15 1.3200 1.344 1.1093501 1401.6159 89.182777 
0901522-5 1.8154 2.9384615 1.046265 1545.9247 84.092064 
 
0901728-2 1.3600 0.2 0.9259259 334.73692 74.685518 
0901523-2 1.3441 0.7204301 1.0138024 1140.5356 81.540635 
 
0901798-4 2.1634 4.8431373 1.0881315 1749.9356 87.431791 
0901532-3 0.9213 1.011236 0.9766804 1132.9481 78.556111 
 
0902212-1 1.7159 19.133705 1.3316709 3360.2314 106.83788 
0901532-4 1.8443 6.442623 1.1311989 1341.4179 90.948538 
 
0902216-4 1.0816 0.877551 1.0683079 1140.5356 85.92454 
0901532-6 1.7921 3.009901 1.1010112 1140.5356 88.554883 
 
0902216-5 1.1626 5.2520325 1.140471 1341.4179 91.694018 
0901533-3 1.1951 0.3658537 1.0617781 479.12907 85.571932 
 
0902219-1 1.0635 0.6507937 0.9697558 807.06357 78.060766 
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Appendix C.  Cont. 
FISH LSI GSI K Ws Wr 
 
FISH LSI GSI K Ws Wr 
0902219-2 1.2893 10.900826 1.1729158 1282.9707 94.312364 
 
1001619-3 1.6250 0.4166667 1.138947 523.03263 91.772476 
0902220-1 
  
1.0932945 272.02211 88.228123 
 
1001620-4 2.3095 0.3809524 0.9629889 541.31965 77.588169 
0902230-1 1.3307 8.6299213 1.0794822 1463.5906 86.772899 
 
1001665-5 1.3725 0.4313725 1.0068505 628.90143 81.093789 
0902241-1 0.8732 0.5633803 1.0226638 862.62563 82.306852 
 
1001739-2 2.0225 6.511236 1.2231023 1811.3573 98.268849 
0902252-3 0.6569 1.1176471 1.007958 1258.4514 81.051997 
 
1001755-1 2.1750 6.925 1.1645842 1709.7698 93.579847 
0902262-1 1.6613 1.3644444 0.9915157 14189.952 79.281454 
 
1001760-6 1.7985 6.5223881 1.1389812 1463.5906 91.555657 
0902264-2 0.9412 0.872549 0.976197 1299.4928 78.492164 
 
1001760-7 1.7672 4.2327586 1.0105299 1427.9574 81.234914 
0902264-3 0.9840 7.328 1.2273244 1266.5894 98.690228 
 
1001760-8 1.3152 0.5869565 1.0163629 1125.3944 81.749119 
0902268-1 0.9000 0.2666667 1.0070155 369.42358 81.207594 
 
1001761-15 1.1905 0.3571429 0.9712431 536.70853 78.254765 
0902277-4 0.8571 0.1428571 0.9629889 541.31965 77.588169 
 
1001761-16 1.4773 0.4772727 1.053087 518.52623 84.855881 
0902364-1 1.1098 0.8658537 0.9893601 1030.234 79.593569 
 
1001761-18 0.8696 
 
1.0369267 550.62105 83.54203 
0902364-2 0.8478 0.5869565 0.953792 598.73116 76.82914 
 
1001763-3 1.2381 0.5079365 0.9554247 819.19778 76.904506 
0902373-1 1.0278 0.3611111 1.0017531 445.83218 80.747872 
 
1001763-5 1.4706 0.4705882 0.7033346 901.05047 56.600603 
0902373-2 1.3607 0.5737705 0.9897797 765.53926 79.682393 
 
1001763-6 0.7846 0.5384615 0.9028869 894.56859 72.660722 
0902373-3 3.6571 0.2857143 1.0102183 429.77913 81.437179 
 
1001764-6 1.3214 0.3928571 0.9868667 351.79496 79.591816 
0902373-4 0.8333 0.4722222 0.9240669 483.40428 74.471827 
 
1001764-7 0.9268 0.4390244 0.9898185 514.04582 79.759427 
0902376-3 0.8667 0.3333333 0.9598196 387.63219 77.392953 
 
1001764-8 1.5588 0.5 0.9375511 449.90703 75.571169 
0902383-1 1.1688 1.4810127 1.0390219 2842.0121 83.391623 
 
1001785-1 0.9125 0.6875 0.9786351 1016.0887 78.733285 
0902397-2 0.9780 1.4835165 0.9288351 1218.2844 74.695203 
 
1001785-7 1.0196 0.3921569 1.0068505 628.90143 81.093789 
0902397-3 
  
0.9859396 579.16408 79.424815 
 
1001785-8 0.8000 0.8428571 0.9723398 894.56859 78.250009 
0902398-1 1.2374 10.784173 0.988564 1749.9356 79.431497 
 
1001809-32 1.0870 0.4130435 0.9859396 579.16408 79.424815 
0902400-2 0.7353 0.4117647 0.9635126 437.75654 77.668742 
 
1001809-63 1.0263 0.4736842 0.933487 505.16265 75.223296 
0902400-4 0.8974 0.4615385 0.9497457 509.59132 76.531916 
 
1001809-64 1.7813 0.671875 1.0228418 777.25416 82.341148 
0902432-1 0.6415 1.1792453 0.9525124 1384.2363 76.576519 
 
1001819-1 1.6067 7.0280899 1.2301047 1801.022 98.832772 
0902435-1 0.9762 0.7738095 1.0204965 1023.145 82.099798 
 
1001835-1 1.8036 0.4285714 1.0205569 681.41121 82.182387 
0902470-1 1.1557 1.6311475 0.8676604 1749.9356 69.716853 
 
1001836-1 1.0938 0.5 0.9951043 398.83967 80.232741 
0902480-2 0.6211 1.4947368 0.8864266 1332.9617 71.269863 
 
1001857-3 1.8148 0.5925926 1.0835534 618.73458 87.274902 
0902482-1 1.1833 4.7666667 1.0325754 1445.7007 83.00473 
 
1001857-4 1.0172 0.9137931 0.913081 789.08811 73.502565 
0902494-1 1.1557 1.6311475 0.8676604 1749.9356 69.716853 
 
1001894-1 1.6752 7.3121019 1.1697412 1670.2242 93.999356 
0902528-1 0.8157 4.027451 1.7723371 1790.7262 142.40033 
 
1001903-2 1.6848 8.0163043 1.1620532 1971.1704 93.345556 
0902595-1 1.1155 1.2729659 1.0645105 4464.0994 85.347562 
 
1001904-3 1.6781 9.1027397 1.1006325 1650.6824 88.448269 
0902602-3 1.3165 7.5251799 1.0478624 1650.6824 84.207598 
 
1001905-7 1.8913 0.4782609 0.9859396 579.16408 79.424815 
0902604-7 
  
1.0336428 311.79628 83.38778 
 
1001905-12 1.2941 0.3823529 0.9813549 429.77913 79.110402 
0902614-1 1.4041 3.4726027 1.2334126 1472.5907 99.144998 
 
1001908-2 1.4211 0.4210526 0.933487 505.16265 75.223296 
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1001929-2 1.2750 0.3 0.9656766 514.04582 77.814076 
 
1001404-3 1.1333 0.4888889 0.9807616 569.54266 79.010762 
1001929-3 1.0769 0.4615385 1.0852325 445.83218 87.476861 
 
1001404-4 2.2250 0.45 1.113059 445.83218 89.719857 
1001955-5 1.7429 0.8 0.9448224 920.68404 76.030426 
 
1001404-6 1.4000 0.32 1.1367001 545.95713 91.582283 
1001955-6 1.0543 0.5652174 1.0370107 1102.935 83.4138 
 
1001414-1 2.3630 2.9041096 1.2334126 1472.5907 99.144998 
1001001-31 1.2625 0.7 0.9786351 1016.0887 78.733285 
 
1001424-1 1.6528 0.6527778 1.1594364 771.38186 93.338985 
1001002-1 1.7551 6.0680272 1.3045957 1401.6159 104.87895 
 
1001424-2 2.3397 1.5705128 1.189963 1631.2938 95.629617 
1002026-1 1.3529 8.7867647 1.1774759 1436.8108 94.654076 
 
1001425-6 1.8235 0.3823529 1.0982216 383.94362 88.554669 
1002097-4 1.5224 0.6716418 0.917373 907.56362 73.824026 
 
1001425-7 1.2979 0.4893617 1.0776305 541.31965 86.824855 
 
2.1220 0.7439024 1.1147354 914.10812 89.704925 
 
1001425-8 3.3590 0.3076923 1.1360947 425.82707 91.586474 
1001162-2 2.9677 1.2043011 1.1812224 1960.2345 94.886605 
 
1001425-20 2.3483 0.5842697 1.1351642 974.43172 91.335286 
1001184-4 2.4000 0.6416667 1.1706948 1274.7625 94.135182 
 
1001427-9 2.1786 0.3035714 1.1055614 628.90143 89.04416 
1001184-5 3.0776 2.25 1.2901017 1117.8743 103.76837 
 
1001428-1 2.0435 0.4347826 1.1105281 514.04582 89.486187 
1001185-6 2.2373 0.3728814 1.1369085 644.35983 91.563747 
 
1001428-2 
 
0.4772727 1.090361 500.75976 87.866486 
1001209-1 1.9556 0.4444444 1.2296974 454.00665 99.11749 
 
1001439-6 2.1048 1.4761905 1.0858035 1202.4603 87.32097 
1001305-6 1.0769 0.2820513 1.0852325 445.83218 87.476861 
 
1001439-7 2.7049 0.5409836 1.1116781 681.41121 89.5201 
1001307-4 1.6119 0.5373134 1.1294863 736.76888 90.937609 
 
1001443-1 3.8866 3.9381443 1.4914511 2430.1214 119.7471 
1001307-6 1.5789 0.3157895 1.1253035 628.90143 90.634235 
 
1001495-2 2.5942 5.173913 1.2929176 1993.1642 103.85496 
1001308-2 1.3111 0.4555556 1.1319758 988.18816 91.075772 
 
1001496-2 2.5089 3.2589286 1.2290809 1132.9481 98.857129 
1001315-1 1.9333 3.4958333 1.0267604 2912.5219 82.402814 
 
1001497-3 1.4500 0.35 1.0358811 479.12907 83.484812 
1001323-1 2.7755 4.7037037 1.207004 4464.0994 96.772039 
 
1001497-4 1.7917 0.375 1.0728924 555.31149 86.437974 
1001328-4 2.3942 0.7403846 1.1187646 1155.8123 89.980012 
 
1001497-7 0.9333 0.3333333 1.0677628 523.03263 86.036697 
1001329-3 1.5676 0.5405405 1.0428713 881.69835 83.928931 
 
1001498-2 2.0769 3.6730769 1.2405419 1564.6314 99.703994 
1001330-3 3.2434 3.5986842 1.2307095 1536.6276 98.917915 
 
1001499-3 2.6667 3.75 1.1787802 1392.908 94.765768 
1001330-4 
  
1.2299736 1811.3573 98.820921 
 
1001507-1 1.8191 3.7553191 1.2992117 1801.022 104.38518 
1001353-6 1.9118 0.2647059 0.9996406 421.89934 80.587943 
 
1001509-3 2.2143 0.2857143 1.0973864 474.87916 88.443552 
1001353-9 2.0000 0.2941176 1.1194769 376.6369 90.272621 
 
1001539-1 4.1509 2.2641509 1.2517197 2637.3362 100.48017 
1001353-14 2.5962 0.5192308 1.069362 603.69092 86.136793 
 
1001567-2 2.1192 5.8186528 1.2393971 1938.4844 99.56232 
1001353-15 2.5636 0.3090909 1.1594098 588.89338 93.395514 
 
1001567-3 3.1000 6.41 1.2987801 1916.8959 104.33535 
1001354-2 
  
1.3438097 1574.0411 108.00226 
 
1001567-4 2.2584 4.3820225 1.1430709 1938.4844 91.824315 
1001377-4 1.6750 0.425 1.0930644 454.00665 88.104436 
 
1001568-2 1.6014 1.1538462 1.1719012 1518.1455 94.193869 
1001388-1 1.3302 0.5566038 1.1710268 1125.3944 94.189202 
 
1001591-3 2.0171 5.4114286 1.1300956 1927.6699 90.783176 
1001389-2 1.5102 0.3265306 1.1045523 550.62105 88.990423 
 
1001605-1 2.0455 0.2954545 1.1294151 483.40428 91.021122 
1001389-3 1.9388 
 
1.1139661 545.95713 89.750637 
 
1002144-1 0.9011 0.7472527 1.0755927 1051.6974 86.526788 
1001391-1 2.7727 0.3636364 1.2123452 676.03332 97.628323 
 
1002144-2 0.9670 0.4065934 1.0467193 1080.7768 84.1987 
1001400-2 2.2321 0.7321429 1.1357745 1226.2483 91.335498 
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1002145-18 1.5357 0.4821429 1.004611 692.2525 80.895338 
 
09-5 1.6818 4.3484848 1.1935764 1375.6007 95.958076 
1002148-5 1.2258 0.3870968 0.8947648 429.77913 72.130073 
 
09-6 1.7655 7.9724138 1.1530677 1564.6314 92.673584 
1002159-1 0.8488 0.8139535 0.906993 1178.9823 72.944268 
 
09-7 1.3826 10.986957 1.1429704 2506.5024 91.761331 
1002169-12 0.6744 0.4883721 0.8628295 618.73458 69.496681 
 
09-8 1.9083 7.475 1.2237222 2442.7422 98.250238 
1002169-13 1.1389 0.5277778 0.9240669 483.40428 74.471827 
 
09-9 1.4333 4.9222222 1.0933891 1023.145 87.96407 
1002169-14 1.1500 0.625 0.9573518 518.52623 77.14171 
 
09-10 1.7024 8.0097561 1.2254598 2082.7774 98.426265 
1002169-15 1.3469 0.5714286 0.9072368 670.68384 73.059759 
 
09-11 1.6400 6.4 1.0243892 1518.1455 82.337298 
1002179-1 1.6869 8.3504673 1.2056044 2210.3299 96.818126 
 
09-12 1.5333 8.7333333 1.0366051 1801.022 83.286044 
1002187-1 1.2425 1.2575 1.1464154 4351.6202 91.919786 
 
09-13 1.9804 10.328431 1.3321981 1906.1621 107.02133 
1002192-1 1.5042 1.8151261 0.952 1555.2593 76.514573 
 
09-14 1.4600 3.17 1.0273691 1210.3551 82.620382 
1002193-22 1.3507 1.3955224 1.0101695 1650.6824 81.178548 
 
09-15 1.9500 8.4625 1.249765 1592.9738 100.44108 
1002204-2 1.1259 1.2237762 0.9286278 1916.8959 74.599775 
 
09-16 1.7788 7.6548673 1.1459153 1226.2483 92.150994 
1002205-1 1.0727 0.4181818 1.05983 644.35983 85.356035 
 
09-17 1.7321 0.4642857 1.0966456 634.02641 88.324397 
1002205-6 0.8194 0.9583333 0.992943 901.05047 79.906734 
 
09-18 1.7248 7.3119266 1.0565936 1282.9707 84.959072 
1002218-1 1.7310 7.2 1.1258846 1602.4968 90.483799 
 
09-19 2.0123 9.6809816 1.2287883 1650.6824 98.74704 
1002219-1 0.8429 0.5142857 0.9448224 920.68404 76.030426 
 
09-20 1.6815 7.5851852 1.23609 1358.4376 99.378877 
1002219-2 1.2632 0.6052632 0.9693537 974.43172 77.994177 
 
09-21 1.6434 7.6356589 1.1100186 1445.7007 89.230085 
1002243-1 1.1121 0.6074766 0.9797157 1358.4376 78.766962 
 
09-22 1.5165 5.8461538 1.0538398 1073.4573 84.77282 
1002288-2 7.1910 6.0674157 0.9637729 1148.157 77.515532 
 
09-23 1.4672 7.0245902 1.1826093 1282.9707 95.091805 
1002291-1 1.0789 3.3421053 0.9970479 947.30348 80.227722 
 
09-24 1.3826 8.033557 1.1232482 1650.6824 90.265699 
1002291-2 1.2222 0.537037 0.9536743 703.20831 76.790902 
 
09-25 1.2549 6.5196078 1.1119123 1140.5356 89.431664 
1002313-4 0.8478 0.4347826 0.9459741 603.69092 76.197933 
 
09-26 1.5658 0.4736842 1.1027118 856.3298 88.750853 
1002315-1 1.7973 0.4324324 0.9307357 988.18816 74.884524 
 
09-27 1.2993 5.1360544 1.1081711 1650.6824 89.054079 
1002315-3 1.2059 0.6617647 1.023632 825.31028 82.393255 
 
09-28 1.7701 15.20438 1.2071495 2828.0482 96.886607 
1002339-5 1.2037 0.4074074 1.1104913 603.69092 89.449747 
 
09-29 1.3265 9.8010204 1.1780616 2071.4316 94.620549 
1002364-1 1.0690 0.0689655 0.9190449 391.34434 74.103537 
 
09-30 1.3000 6.4833333 1.0850694 1375.6007 87.234614 
1002364-2 0.9048 0.3809524 0.9467591 550.62105 76.277505 
 
09-31 1.2444 9.6444444 1.1319758 988.18816 91.075772 
1002364-3 0.7813 0.5 0.8435914 470.65449 67.990427 
 
09-32 1.5194 12.925806 1.3007284 2969.7631 104.38543 
1002410-1 1.4924 1.3712121 0.9777365 1680.0527 78.568962 
 
09-33 1.3696 4.9347826 1.1571308 988.18816 93.099679 
1002483-2 0.7596 1.1346154 0.9643007 1341.4179 77.529902 
 
09-34 1.2561 6.9756098 1.053247 967.60169 84.745614 
09-1 1.6732 8.2062257 1.213932 2637.3362 97.446809 
 
09-35 1.7285 11.350515 1.186233 3057.0252 95.190579 
09-2 1.3125 7.9488636 1.182184 1853.0944 94.976274 
 
09-36 1.3820 8.8426966 1.1193983 988.18816 90.063819 
09-3 1.4516 8.7612903 1.1151734 1729.7749 89.607036 
 
09-37 1.4824 8.5647059 1.1472843 920.68404 92.32266 
09-4 3.5172 23.137931 0.5200732 2082.7774 41.771146 
 
09-39 1.6500 10.4 1.2631014 1971.1704 101.46256 
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09-40 1.2222 12.166667 1.2022338 1863.628 96.5858 
 
09-74 1.4940 17.52988 1.2473286 2506.5024 100.13954 
09-41 1.4000 12.466667 1.229267 1518.1455 98.804758 
 
09-75 1.4052 12.947712 1.0881315 1749.9356 87.431791 
09-42 1.2222 5.3888889 1.1431184 1960.2345 91.825747 
 
09-76 1.1923 11.467033 1.118133 2026.4611 89.81174 
09-43 1.3333 9.8333333 1.1305106 1982.147 90.810622 
 
09-77 1.4408 9.8815789 1.0810196 1749.9356 86.860342 
09-44 1.0000 8.7142857 1.0014424 1739.8357 80.467367 
 
09-78 1.2555 10.978102 1.0327853 1650.6824 82.995978 
09-45 1.2353 8.5882353 1.2230935 1729.7749 98.278684 
 
09-79 1.8362 12.485876 1.1889009 1853.0944 95.515912 
09-46 1.3125 8.625 1.2723506 1564.6314 102.26051 
 
09-80 1.5908 2.0707692 0.9505733 8541.6654 76.097572 
09-47 0.8571 9.2142857 1.1755273 1481.6276 94.490679 
 
09-81 1.2650 11.680912 1.0872634 4025.5629 87.192775 
09-48 2.0099 12.592593 1.3954262 14519.758 111.57211 
 
09-82 1.4286 12.244898 1.1349044 1073.4573 91.293806 
09-49 1.9101 9.715942 1.2468655 6909.2336 99.866359 
 
09-83 1.6947 1.778626 1.0417371 1564.6314 83.72579 
09-50 1.3761 1.6386364 1.1191223 9825.6551 89.561458 
 
09-84 1.2917 11.614583 1.0534979 1132.9481 84.734682 
09-51 1.3639 14.169811 1.1799054 3920.6159 94.627989 
 
09-85 1.2571 11.885714 1.0717328 1218.2844 86.186772 
09-52 0.7685 1.6442953 1.1475041 3236.6503 92.070496 
 
09-86 1.5794 6.8809524 1.0325843 1518.1455 82.995997 
09-53 0.2173 14.545455 1.3076054 10513.342 104.62896 
 
09-87 1.3915 5.8042328 1.135988 2071.4316 91.241244 
09-54 2.3395 187 1.1078717 4277.6949 88.83289 
 
09-88 1.1518 7.1785714 1.0384777 1341.4179 83.49374 
09-55 1.8508 1.8135593 1.1797782 3116.1405 94.668388 
 
09-89 1.0385 9.7692308 1.0453177 927.29146 84.115947 
09-56 1.2906 4.7635468 1.1684051 2163.3612 93.835463 
 
09-90 1.2177 9.5887097 1.0161941 1518.1455 81.6786 
09-57 1.0649 0.6363636 1.0393046 920.68404 83.633469 
 
09-91 1.4889 7.0444444 1.0352168 1080.7768 83.27344 
09-58 1.8250 0.525 1.113059 445.83218 89.719857 
 
09-92 0.7895 
 
0.9248761 765.53926 74.457318 
09-59 1.7547 0.2641509 1.1359739 579.16408 91.5112 
 
09-93 1.2643 11.15 1.12 1555.2593 90.017145 
09-60 1.4661 15.687316 1.388544 3042.3643 111.4265 
 
09-94 1.2101 9.0840336 1.0827805 1367.0012 87.051864 
09-61 1.1716 10.269608 1.1370848 2234.0674 91.313271 
 
09-95 1.1524 1.6190476 0.9797347 1332.9617 78.771953 
09-62 1.0667 
 
0.966197 771.38186 77.782487 
 
09-96 1.4271 1.5833333 1.0465057 1140.5356 84.170978 
09-63 1.4203 0.5652174 1.0011462 856.3298 80.576432 
 
09-97 2.2000 0.42 1.1082048 560.02852 89.281167 
09-64 1.3939 
 
0.9976974 410.26138 80.436526 
 
09-98 1.3689 10.330097 0.9984325 1282.9707 80.282426 
09-65 1.3929 1.8452381 0.9218107 1132.9481 74.142847 
 
09-99 1.0581 0.5232558 0.9500784 1125.3944 76.417655 
09-66 2.1667 0.4444444 1.1014138 608.67803 88.716855 
 
09-100 1.3875 11.78125 1.3112182 1518.1455 105.39174 
09-67 2.0000 0.4925373 1.046875 795.04991 84.271439 
 
09-101 0.9907 6.8411215 0.9983963 1332.9617 80.272371 
09-68 1.7097 
 
1.0507182 365.85176 84.733773 
 
09-102 1.0000 
 
1.0381023 514.04582 83.650131 
09-69 1.1000 0.4428571 0.9448224 920.68404 76.030426 
 
09-103 1.4055 11.612091 1.2460297 3972.8581 99.928059 
09-70 1.6641 11.71875 1.1192979 7139.5004 89.642126 
 
09-104 1.5788 2.4961538 1.1171159 5809.3858 89.510323 
09-71 1.6453 12.622642 1.5254919 4333.0596 122.31542 
 
09-105 1.1630 11.01087 1.0510876 1088.1295 84.548759 
09-72 1.7738 11.797619 1.1903146 2637.3362 95.550956 
 
09-106 1.5434 13.658537 1.1917422 10749.514 95.353151 
09-73 0.1203 1.8231884 1.0090702 8541.6654 80.780499 
 
09-107 1.6154 14.957265 1.4446191 3027.7503 115.92766 
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09-108 1.7833 13.333333 1.3009989 4025.5629 104.33324 
 
10-624 1.2192 8.2961538 1.0962293 2955.3831 87.975059 
09-109 1.5022 2.173913 1.0398582 11058.331 83.195192 
 
10-625 1.2588 8.8411765 1.0107219 2094.1646 81.177957 
09-110 1.2143 2.0867347 0.9258002 2637.3362 74.31741 
 
10-631 1.8800 4.48 1.061612 1171.2248 85.380704 
09-111 1.1985 14.338235 1.1636618 2912.5219 93.389855 
 
10-632 1.7889 6.5611111 1.0529156 2128.5752 84.563608 
09-112 1.6468 7.7579365 1.1047828 2842.0121 88.669574 
 
10-634 1.4400 0.59 1.054643 1178.9823 84.818916 
09-113 1.2472 9.3258427 1.1116247 995.11472 89.436924 
 
10-646 1.3857 0.4714286 1.1800604 736.76888 95.009442 
09-114 1.2525 13.934426 1.2804916 5945.6817 102.59547 
 
10-650 2.2231 6.6923077 1.0653647 1518.1455 85.63079 
09-115 1.1509 1.6421053 0.9868258 3600.3588 79.158776 
 
10-626 1.5895 4.9157895 1.0495052 1125.3944 84.414851 
09-116 0.7231 0.6615385 1.0005417 807.06357 80.538885 
 
10-627 1.7827 16.572727 1.2669152 10851.805 101.36563 
09-117 0.4898 0.6938776 0.9217912 660.06978 74.234576 
 
10-628 2.1000 0.42 1.0627923 584.01521 85.614209 
10-1000 2.3564 11.188119 1.3098253 9634.8419 104.82787 
 
10-630 1.4377 12.44717 1.3079186 5055.6824 104.83254 
10-1001 2.0392 2.6143791 1.0818779 1760.0744 86.928142 
 
10-636 1.5913 12.684348 1.1744921 12241.268 93.94452 
10-1002 2.2553 7.1829787 1.2044364 2430.1214 96.702986 
 
10-637 1.6369 18.392857 1.3336382 15758.15 106.6115 
10-601 2.1273 8.8181818 0.9582611 1427.9574 77.033109 
 
10-641 1.9938 13.625 1.4167659 2814.1303 113.71186 
10-602 1.3231 9.9769231 1.0718346 1508.9604 86.152031 
 
10-642 1.3273 8.4181818 1.1601073 1178.9823 93.300808 
10-603 1.5333 
 
0.9960773 748.1888 80.193662 
 
10-643 1.0939 13.304878 1.1285863 9077.2729 90.335501 
10-605 1.3690 0.6190476 1.0789359 967.60169 86.812581 
 
10-648 1.4074 13.240741 1.2013043 2800.2581 96.419683 
10-606 1.1733 7.8333333 0.9317396 2004.2223 74.841997 
 
10-649 1.5667 12.555556 1.1086101 1009.0649 89.191487 
10-607 2.2520 12.172 1.2110932 2571.364 97.224665 
 
10-629 1.4857 15.525714 1.1741908 3716.232 94.181417 
10-608 1.8917 10.158333 1.0137638 1472.5907 81.48904 
 
10-633 1.6533 12.553333 1.1884202 3145.9822 95.359727 
10-609 1.8091 0.7090909 1.0940416 1250.3484 87.975482 
 
10-639 1.3581 11.719355 1.1660812 3313.5261 93.555925 
10-610 1.2923 6.7230769 1.0589469 1527.3679 85.113743 
 
10-640 1.5433 0.2816667 1.1287239 660.06978 90.89948 
10-612 2.6333 0.4833333 1.0514026 708.72934 84.658552 
 
10-645 1.5405 10.083333 1.0145712 10346.785 81.184636 
10-613 2.0385 8.5 1.0094138 1602.4968 81.123406 
 
10-647 1.0640 12.201333 1.0856866 8629.427 86.911912 
10-614 1.7300 8.64 1.0477349 1186.774 84.262043 
 
10-653 0.8953 8.875 1.2406717 6439.5026 99.386558 
10-615 2.1000 0.4142857 1.0306651 843.83029 82.955069 
 
10-663 1.2078 11.629688 1.2406717 6439.5026 99.386558 
10-616 1.5444 1.1 1.085883 1030.234 87.358795 
 
10-668 1.3036 13.517857 1.1576547 6037.7212 92.750224 
10-617 2.2250 12.635 1.1890846 2094.1646 95.503478 
 
10-690 1.7286 0.3985714 1.1800604 736.76888 95.009442 
10-618 1.7667 0.3166667 0.9305038 801.04171 74.902467 
 
10-694 1.4034 11.931034 1.0608742 3407.374 85.10953 
10-619 1.9533 14.233333 1.0606646 1760.0744 85.223669 
 
10-1 1.2818 11.863636 1.0328985 1324.5412 83.047624 
10-620 0.5819 3.625 3.477405 1660.4341 279.44499 
 
10-2 1.2818 11.863636 1.0328985 1324.5412 83.047624 
10-621 1.6000 4.9363636 1.0527614 1299.4928 84.648412 
 
10-651 1.9733 2.34 0.9740851 1916.8959 78.251512 
10-622 1.2857 7.8628571 1.0430813 1670.2242 83.821082 
 
10-652 1.3818 9.7909091 0.5786143 2367.6702 46.459173 
10-623 1.2250 7.5125 1.0931711 1821.7321 87.828499 
 
10-656 1.8085 15.046154 1.0849322 1490.7015 87.207265 
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Appendix C.  Cont. 
FISH LSI GSI K Ws Wr 
 
FISH LSI GSI K Ws Wr 
10-657 1.1385 13.853846 0.6526868 2480.8667 52.401042 
 
10-685 1.3778 17.369444 1.129901 3972.8581 90.614864 
10-658 1.1286 13.75 1.087061 1602.4968 87.363668 
 
10-693 1.4500 9.29 1.1196375 1110.3879 90.058618 
10-659 1.5406 11.353125 1.2982172 3071.7332 104.17571 
 
10-700 1.5703 17.456757 1.1819318 3903.3043 94.791482 
10-660 1.9909 13.622727 1.0988922 2493.6626 88.223644 
 
10-427 0.9545 17.418182 1.1326482 6060.8788 90.745917 
10-661 1.4750 0.625 0.6589953 753.9428 53.054423 
 
10-444 2.9917 40.866667 0.3954335 3783.5494 31.716251 
10-662 1.3385 9.3230769 1.0718346 1508.9604 86.152031 
 
10-448 1.2484 11.696774 1.0124696 3817.5111 81.204741 
10-664 1.2833 11.633333 1.188751 1884.8149 95.500091 
 
10-450 1.1871 13.812903 1.1082263 3486.9225 88.903612 
10-665 1.5575 1.6175 1.1128873 4483.0325 89.225317 
 
10-684 1.4240 1.62 1.0540666 2955.3831 84.591403 
10-666 1.5911 9.1666667 0.8951249 1250.3484 71.97994 
       10-667 1.1957 11.226087 1.1607058 2468.1147 93.188537 
       10-669 1.3053 18.426316 1.1672817 2026.4611 93.759509 
       10-670 1.4538 9.7461538 1.0337849 1564.6314 83.086662 
       10-671 1.3987 14.869427 1.2815877 15323.466 102.45724 
       10-673 1.2444 0.7888889 0.9126759 1226.2483 73.394597 
       10-674 1.6333 2.0555556 0.9927119 2257.9744 79.717468 
       10-675 1.4963 2.2592593 1.1836959 2842.0121 95.003115 
       10-676 1.7818 11.054545 2.1368 639.17918 172.09572 
       10-679 2.7000 0.9666667 0.551066 676.03332 44.376511 
       10-680 1.3455 3.6363636 0.9180195 1490.7015 73.790763 
       10-681 1.6682 17.345455 1.1693885 2342.9928 93.897003 
       10-686 1.9000 15.608 1.0540666 2955.3831 84.591403 
       10-687 2.3667 0.8666667 0.5688889 654.80505 45.815163 
       10-689 1.4500 12.51 0.9509857 1307.8068 76.463894 
       10-691 1.2067 10.87 1.2960332 2884.1795 104.01572 
       10-692 1.3727 11.701818 1.3463283 5096.8816 107.90912 
       10-695 1.3700 14.485 1.3433909 1853.0944 107.92758 
       10-697 1.2462 10.207692 1.1537241 1401.6159 92.750088 
       10-698 1.1125 13.45 1.027558 967.60169 82.678648 
       10-699 1.4667 11.733333 0.8613503 1299.4928 69.257792 
       10-453 1.6750 0.25 0.8865638 560.02852 71.424934 
       10-475 1.1400 0.32 0.955774 649.56843 76.974185 
       10-677 1.1644 14.935556 1.106007 5076.2541 88.648045 
       10-678 1.2360 1.784 1.1750377 7971.7648 94.082053 
       10-682 0.8568 16.382432 1.1046064 8367.9334 88.432826 
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APPENDIX D.  MATURITY DATA FOR STRIPED BASS COLLECTED FROM 2009 AND 2010. 
FISH MATURITY_STAGE 
 
FISH MATURITY_STAGE 
09-72 SPAWNING CAPABLE 
 
09-70 ACTIVELY SPAWNING 
09-81 ACTIVELY SPAWNING 
 
09-106 ACTIVELY SPAWNING 
09-112 SPAWNING CAPABLE 
 
09-71 ACTIVELY SPAWNING 
09-89 SPAWNING CAPABLE 
 
09-114 ACTIVELY SPAWNING 
09-110 REGRESSING 
 
09-93 SPAWNING CAPABLE 
09-99 IMMATURE 
 
09-101 SPAWNING CAPABLE 
09-113 ACTIVELY SPAWNING 
 
09-85 ACTIVELY SPAWNING 
09-116 SPAWNING CAPABLE 
 
09-83 REGRESSING 
09-77 MISSING 
 
09-104 REGRESSING 
09-94 SPAWNING CAPABLE 
 
09-105 SPAWNING CAPABLE 
09-98 SPAWNING CAPABLE 
 
09-67 IMMATURE 
09-65 REGRESSING 
 
09-63 MISSING 
09-80 REGENERATING 
 
09-95 REGRESSING 
09-75 SPAWNING CAPABLE 
 
09-55 REGRESSING 
09-61 SPAWNING CAPABLE 
 
09-58 IMMATURE 
09-96 REGRESSING 
 
09-54 REGRESSING 
09-82 SPAWNING CAPABLE 
 
09-59 IMMATURE 
09-76 ACTIVELY SPAWNING 
 
09-5 SPAWNING CAPABLE 
09-78 SPAWNING CAPABLE 
 
09-25 SPAWNING CAPABLE 
09-97 IMMATURE 
 
09-17 IMMATURE 
09-79 SPAWNING CAPABLE 
 
09-19 SPAWNING CAPABLE 
09-115 REGRESSING 
 
09-27 DEVELOPING 
09-117 IMMATURE 
 
09-16 SPAWNING CAPABLE 
09-107 MISSING 
 
09-20 SPAWNING CAPABLE 
09-74 ACTIVELY SPAWNING 
 
09-14 SPAWNING CAPABLE 
09-60 ACTIVELY SPAWNING 
 
09-24 SPAWNING CAPABLE 
09-108 ACTIVELY SPAWNING 
 
09-23 SPAWNING CAPABLE 
09-66 IMMATURE 
 
09-11 SPAWNING CAPABLE 
09-84 SPAWNING CAPABLE 
 
09-21 SPAWNING CAPABLE 
09-91 SPAWNING CAPABLE 
 
09-13 SPAWNING CAPABLE 
09-69 IMMATURE 
 
09-8 SPAWNING CAPABLE 
09-100 ACTIVELY SPAWNING 
 
09-7 ACTIVELY SPAWNING 
09-103 ACTIVELY SPAWNING 
 
09-4 SPAWNING CAPABLE 
09-111 ACTIVELY SPAWNING 
 
09-2 SPAWNING CAPABLE 
09-1 SPAWNING CAPABLE 
 
0902216-5 SPAWNING CAPABLE 
0902230-1 SPAWNING CAPABLE 
 
0902252-3 REGRESSING 
0902373-1 IMMATURE 
 
0902216-4 REGRESSING 
0902435-1 IMMATURE 
 
0902241-1 IMMATURE 
0902398-1 ACTIVELY SPAWNING 
 
0902400-4 IMMATURE 
0902376-3 IMMATURE 
 
0902364-2 IMMATURE 
0902383-1 REGRESSING 
 
0902494-1 REGRESSING 
0902400-2 IMMATURE 
 
0902219-1 IMMATURE 
0902432-1 REGRESSING 
 
0902397-2 REGRESSING 
0902373-4 IMMATURE 
 
0902264-2 REGRESSING 
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Appendix D.  Cont. 
FISH MATURITY_STAGE 
 
FISH MATURITY_STAGE 
0902262-1 REGRESSING 
 
0901560-4 MISSING 
0902268-1 IMMATURE 
 
0901545-7 IMMATURE 
0902264-3 SPAWNING CAPABLE 
 
0901520-15 SPAWNING CAPABLE 
0902363-1 REGRESSING/MISSING 
 
0901532-4 SPAWNING CAPABLE 
0902277-4 MISSING 
 
0901547-5 IMMATURE 
0902212-1 SPAWNING CAPABLE 
 
0901497-6 IMMATURE 
0902373-3 IMMATURE 
 
0901523-2 DEVELOPING 
0902373-2 IMMATURE 
 
0901520-13 SPAWNING CAPABLE 
0902219-2 SPAWNING CAPABLE 
 
0901532-3 DEVELOPING 
0902168-2 SPAWNING CAPABLE 
 
0901520-14 DEVELOPING 
0901858-3 SPAWNING CAPABLE 
 
0901592-5 DEVELOPING 
0902170-1 SPAWNING CAPABLE 
 
0901544-8 DEVELOPING 
0901919-1 DEVELOPING  
 
0901642-4 SPAWNING CAPABLE 
0901801-2 IMMATURE/MISSING 
 
0901607-1 SPAWNING CAPABLE 
0901892-1 SPAWNING CAPABLE 
 
0901559-3 IMMATURE 
0901808-13 IMMATURE 
 
0901544-13 DEVELOPING 
0901808-10 DEVELOPING 
 
0901605-3 IMMATURE 
0902099-1 SPAWNING CAPABLE 
 
0901595-5 DEVELOPING 
0901917-1 IMMATURE 
 
0901592-6 SPAWNING CAPABLE 
0902196-3 IMMATURE 
 
0901567-1 SPAWNING CAPABLE 
0901808-12 SPAWNING CAPABLE 
 
0901544-10 IMMATURE 
0901808-17 REGRESSING 
 
0901544-12 DEVELOPING 
0901808-6 IMMATURE 
 
0901534-2 DEVELOPING 
0901808-5 DEVELOPING 
 
0901712-15 DEVELOPING 
0901808-14 DEVELOPING 
 
0902482-1 SPAWNING CAPABLE 
0901807-3 DEVELOPING 
 
0901798-4 SPAWNING CAPABLE 
0902132-1 REGRESSING 
 
0902528-1 ACTIVELY SPAWNING 
0901917-2 IMMATURE 
 
0901728-2 IMMATURE 
0901917-3 IMMATURE 
 
0902602-3 ACTIVELY SPAWNING 
0901808-11 DEVELOPING 
 
0902480-2 REGRESSING 
0901808-15 IMMATURE 
 
0901547-4 IMMATURE 
0901545-9 DEVELOPING 
 
0901547-7 IMMATURE 
0901522-5 SPAWNING CAPABLE 
 
0901555-1 SPAWNING CAPABLE 
0901520-10 SPAWNING CAPABLE 
 
0901545-6 IMMATURE 
0901532-6 SPAWNING CAPABLE 
 
0902595-1 REGRESSING 
0901509-4 IMMATURE 
 
0902614-1 SPAWNING CAPABLE 
0901547-6 IMMATURE 
 
0901560-5 IMMATURE 
0901535-3 IMMATURE 
 
1001307-6 IMMATURE 
0901533-3 IMMATURE 
 
1001428-2 IMMATURE 
0901557-4 DEVELOPING 
 
1001389-2 IMMATURE 
0901635-1 SPAWNING CAPABLE 
 
1001184-5 SPAWNING CAPABLE 
0901557-5 IMMATURE 
 
1001353-14 IMMATURE 
0901521-6 IMMATURE 
 
1001425-6 IMMATURE 
0901557-3 IMMATURE 
 
1001354-2 SPAWNING CAPABLE 
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Appendix D.  Cont. 
FISH MATURITY_STAGE 
 
FISH MATURITY_STAGE 
1001185-6 IMMATURE 
 
09-30 SPAWNING CAPABLE 
1001162-2 DEVELOPING 
 
09-44 ACTIVELY SPAWNING 
1001353-15 IMMATURE 
 
09-34 SPAWNING CAPABLE 
1001389-3 IMMATURE 
 
09-33 SPAWNING CAPABLE 
1001209-1 IMMATURE 
 
09-31 SPAWNING CAPABLE 
1001427-9 IMMATURE 
 
09-29 SPAWNING CAPABLE 
1001329-3 IMMATURE 
 
09-3 SPAWNING CAPABLE 
1001425-7 IMMATURE 
 
09-10 SPAWNING CAPABLE 
1001424-1 IMMATURE 
 
09-12 SPAWNING CAPABLE 
1001495-2 SPAWNING CAPABLE 
 
09-6 SPAWNING CAPABLE 
1001568-2 DEVELOPING 
 
09-37 SPAWNING CAPABLE 
1001591-3 SPAWNING CAPABLE 
 
09-35 ACTIVELY SPAWNING 
1001428-1 IMMATURE 
 
09-32 ACTIVELY SPAWNING 
1001567-4 SPAWNING CAPABLE 
 
09-28 ACTIVELY SPAWNING 
1001567-2 SPAWNING CAPABLE 
 
09-53 ACTIVELY SPAWNING 
1001425-20 IMMATURE 
 
09-49 SPAWNING CAPABLE 
1001619-3 IMMATURE 
 
09-51 ACTIVELY SPAWNING 
1001567-3 SPAWNING CAPABLE 
 
09-48 ACTIVELY SPAWNING 
1001315-1 SPAWNING CAPABLE 
 
09-73 REGENERATING 
1001507-1 SPAWNING CAPABLE 
 
09-86 SPAWNING CAPABLE 
1001439-7 IMMATURE 
 
09-90 SPAWNING CAPABLE 
1001184-4 IMMATURE 
 
09-88 SPAWNING CAPABLE 
1001496-2 SPAWNING CAPABLE 
 
09-109 REGRESSING 
1001353-9 IMMATURE 
 
09-87 ACTIVELY SPAWNING 
1001497-7 IMMATURE 
 
09-57 IMMATURE 
1001764-8 IMMATURE 
 
09-50 REGRESSING 
1001716-6 SPAWNING CAPABLE/MISSING 
 
09-40 SPAWNING CAPABLE 
1001620-4 IMMATURE 
 
09-52 REGRESSING 
10-675 REGRESSING 
 
09-56 SPAWNING CAPABLE 
10-695 SPAWNING CAPABLE 
 
09-46 SPAWNING CAPABLE 
10-665 REGRESSING 
 
09-39 SPAWNING CAPABLE 
10-670 SPAWNING CAPABLE 
 
09-45 SPAWNING CAPABLE 
10-651 REGRESSING 
 
09-47 SPAWNING CAPABLE 
10-652 SPAWNING CAPABLE 
 
09-42 SPAWNING CAPABLE 
10-678 REGRESSING 
 
09-41 SPAWNING CAPABLE 
10-692 ACTIVELY SPAWNING 
 
10-628 IMMATURE 
10-427 ACTIVELY SPAWNING 
 
10-640 IMMATURE 
10-677 ACTIVELY SPAWNING 
 
10-475 IMMATURE 
10-643 ACTIVELY SPAWNING 
 
10-667 ACTIVELY SPAWNING 
10-630 ACTIVELY SPAWNING 
 
10-616 DEVELOPING 
10-627 ACTIVELY SPAWNING 
 
10-690 IMMATURE 
09-36 SPAWNING CAPABLE 
 
10-684 REGRESSING 
09-18 SPAWNING CAPABLE 
 
10-631 SPAWNING CAPABLE 
09-22 SPAWNING CAPABLE 
 
10-608 SPAWNING CAPABLE 
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FISH MATURITY_STAGE 
 
FISH MATURITY_STAGE 
10-622 SPAWNING CAPABLE 
 
10-1002 SPAWNING CAPABLE 
10-601 SPAWNING CAPABLE 
 
10-632 SPAWNING CAPABLE 
10-626 SPAWNING CAPABLE 
 
10-625 SPAWNING CAPABLE 
10-661 IMMATURE 
 
10-609 DEVELOPING 
10-676 ACTIVELY SPAWNING 
 
10-698 ACTIVELY SPAWNING 
10-699 ACTIVELY SPAWNING 
 
10-621 SPAWNING CAPABLE 
10-624 SPAWNING CAPABLE 
 
10-646 IMMATURE 
10-453 IMMATURE 
 
10-444 ACTIVELY SPAWNING 
10-693 SPAWNING CAPABLE 
 
10-656 ACTIVELY SPAWNING 
10-614 SPAWNING CAPABLE 
 
10-658 SPAWNING CAPABLE 
10-697 SPAWNING CAPABLE 
 
10-691 ACTIVELY SPAWNING 
10-673 IMMATURE 
 
10-686 ACTIVELY SPAWNING 
10-610 SPAWNING CAPABLE 
 
10-663 ACTIVELY SPAWNING 
10-1 SPAWNING CAPABLE 
 
10-669 ACTIVELY SPAWNING 
10-674 REGRESSING 
 
10-653 ACTIVELY SPAWNING 
10-615 IMMATURE 
 
10-448 ACTIVELY SPAWNING 
10-664 SPAWNING CAPABLE 
 
10-450 ACTIVELY SPAWNING 
10-623 SPAWNING CAPABLE 
 
10-668 ACTIVELY SPAWNING 
10-649 SPAWNING CAPABLE 
 
10-681 ACTIVELY SPAWNING 
10-618 IMMATURE 
 
10-657 ACTIVELY SPAWNING 
10-620 SPAWNING CAPABLE 
 
10-659 SPAWNING CAPABLE 
10-636 ACTIVELY SPAWNING 
 
10-660 ACTIVELY SPAWNING 
10-682 ACTIVELY SPAWNING 
 
10-662 SPAWNING CAPABLE 
10-637 ACTIVELY SPAWNING 
 
10-633 ACTIVELY SPAWNING 
10-671 ACTIVELY SPAWNING 
 
10-641 ACTIVELY SPAWNING 
10-700 ACTIVELY SPAWNING 
 
10-607 SPAWNING CAPABLE 
10-1000 ACTIVELY SPAWNING 
 
10-666 SPAWNING CAPABLE 
10-687 IMMATURE 
 
10-647 ACTIVELY SPAWNING 
10-685 ACTIVELY SPAWNING 
 
10-648 SPAWNING CAPABLE 
10-639 SPAWNING CAPABLE 
 
10-617 ACTIVELY SPAWNING 
10-602 SPAWNING CAPABLE 
 
10-645 SPAWNING CAPABLE 
10-642 SPAWNING CAPABLE 
 
10-629 ACTIVELY SPAWNING 
10-694 ACTIVELY SPAWNING 
 
1001739-2 SPAWNING CAPABLE 
10-605 IMMATURE 
 
1001414-1 SPAWNING CAPABLE 
10-634 IMMATURE 
 
1001809-64 IMMATURE 
10-619 ACTIVELY SPAWNING 
 
1002144-1 IMMATURE 
10-613 SPAWNING CAPABLE 
 
1002291-2 IMMATURE 
10-650 SPAWNING CAPABLE 
 
1002205-1 IMMATURE 
10-612 IMMATURE 
 
1001809-77 IMMATURE 
10-1001 SPAWNING CAPABLE 
 
1001785-7 IMMATURE 
10-606 SPAWNING CAPABLE 
 
1001388-1 IMMATURE 
10-679 IMMATURE 
 
1001605-1 IMMATURE 
10-689 SPAWNING CAPABLE 
 
1001763-6 IMMATURE 
10-680 SPAWNING CAPABLE 
 
1001929-2 IMMATURE 
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FISH MATURITY_STAGE 
 
FISH MATURITY_STAGE 
1001785-8 IMMATURE 
 
1002979-1 SPAWNING CAPABLE/MISSING 
1001955-6 IMMATURE 
 
1001894-1 SPAWNING CAPABLE 
1001955-5 IMMATURE 
 
1001835-1 IMMATURE 
1001809-63 IMMATURE 
 
1001323-1 SPAWNING CAPABLE 
1001764-6 IMMATURE 
 
1001857-3 IMMATURE 
1000921-2 IMMATURE/MISSING 
 
1001425-8 IMMATURE 
1002169-15 IMMATURE 
 
1001405-6 IMMATURE/MISSING 
1000875-1 IMMATURE/MISSING 
 
1002218-1 ACTIVELY SPAWNING 
1001761-15 IMMATURE 
 
1001905-12 IMMATURE 
1002483-2 REGENERATING 
 
1002339-5 IMMATURE 
1001330-3 SPAWNING CAPABLE 
 
1002193-22 REGRESSING 
1001908-2 IMMATURE 
 
1001755-1 SPAWNING CAPABLE 
1002364-3 IMMATURE 
 
1001307-4 IMMATURE 
1002026-1 SPAWNING CAPABLE 
 
1001539-1 SPAWNING CAPABLE 
1002205-6 IMMATURE 
 
1001929-3 IMMATURE 
1002219-2 IMMATURE 
 
1001443-1 SPAWNING CAPABLE 
1001760-8 IMMATURE 
 
1001404-4 IMMATURE 
1001785-1 IMMATURE 
 
1002208-1 IMMATURE 
1001819-1 SPAWNING CAPABLE 
 
1001498-2 SPAWNING CAPABLE 
1001439-6 DEVELOPING 
 
1001330-4 SPAWNING CAPABLE 
1001328-4 DEVELOPING 
 
1001400-2 DEVELOPING 
1002410-1 REGRESSING 
 
1001497-3 IMMATURE 
1002148-5 IMMATURE 
 
1001404-3 IMMATURE 
1002097-4 IMMATURE 
 
1001764-7 IMMATURE 
1000895-1 SPAWNING CAPABLE/MISSING 
 
1001001-31 IMMATURE 
1002364-2 IMMATURE 
 
1002219-1 IMMATURE 
1001496-3 IMMATURE/MISSING 
 
1001761-18 IMMATURE 
1001760-7 SPAWNING CAPABLE 
 
1002169-13 IMMATURE 
1001305-6 IMMATURE 
 
1002291-1 SPAWNING CAPABLE 
1002313-4 IMMATURE 
 
1001857-4 DEVELOPING 
1001904-3 SPAWNING CAPABLE 
 
1001903-2 SPAWNING CAPABLE 
1001905-7 IMMATURE 
 
1001499-3 SPAWNING CAPABLE 
1002404-2 REGRESSING/MISSING 
 
1006187-1 REGRESSING/MISSING  
1002288-2 IMMATURE 
 
1002159-1 DEVELOPING 
1001377-4 IMMATURE 
 
1002145-18 IMMATURE 
1001761-16 IMMATURE 
 
1001509-3 IMMATURE 
1002243-1 IMMATURE 
 
1002169-14 IMMATURE 
1001353-6 IMMATURE 
 
1002192-1 REGRESSING 
1001424-2 SPAWNING CAPABLE 
 
1001836-1 IMMATURE 
1001391-1 IMMATURE 
 
1002169-12 IMMATURE 
1001809-32 IMMATURE/MISSING 
 
1001002-1 SPAWNING CAPABLE 
1001763-3 IMMATURE 
 
1002315-3 IMMATURE 
1001308-2 MISSING 
 
1006144-6 IMMATURE/MISSING 
1001497-4 IMMATURE 
 
1002364-1 MISSING 
  
    
 
